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SSSS^ -uses on a fucose suHate-contan.ng 
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Description 

Technical Field of the Invention: 

« oHors a srniole and convener* process for treating virus which is applicable in the area of 

— - £ — — 1 *— 

Prior Art: 

W, «fe l~ b-» • * * been uMd *ead, and. !»■ 

vedons derived from MM aden«™s. M"*™** JEit M. no. been put to p-acboal use. In a*M.n. a 

protein in large quantities has been receiving publK attention. 

Problems to be Solved by the Invention. 

Attenuated virus prepared by 

and is highly reliable is needed. intrnrinrina the aene into cell keeps a sufficient purity 

»» «nid* the Uood done «as rtd .d « I •« • ' pnSem in WW and. it at ail po^W.. sd* 

"UecartnOTen^peoce^.ern^^ 

40 removed, and a virus-adsorbing earner. 
Means to Solve the Problems: 

The present inver^.^^ 
a process for the purification of v.rus and S S^^SSLn product(s) hereof, 
pie is adsorbed wrth suHat^-tucose-conta.n.ng ^J^^Sstor!^ Srwval of vL and is characterized in con- 

'ide's} and/or degradation product(s) thereof. ^ a ;~rd k v »h e nrnr.ess of the first fea- 

""EE. the «, feature of the present irwrtion to a ^ for adsorption of „rus coring su«ated- 
(ucose-containing polysaccharide(s) and/or degradation precis ^ vjms |S isolated 

The present inventors have corseted an .mensrve Ration, for firing a pnxess ^ ^ 

. v «!on nr only virus is removed from a v.rus-contam.ng materal by a ample mea i ia , n 
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thereof is capab.e of purifying or removing the v,rus by simp.e operate and. moreover, in high purity and recovery 
rate whereupon the present invention has been achieved. 

Brief Description of the Drawings: 

,o the get filtration method with the use of Sephacryl S-500. 

Fia 5 is the IR spectrum of trie sulfated -fucose-containing pofysacchande-F. 

, T^2SZSE3SK^ 0, ft. P*— determined * 

trie gel filtration method with trie use of Sephaayl S-500. . .. .. 

Fig 11 istrielRspe^umoftriesu,^^ 

25 ^ U ^e'ution pattern of trie saccriar«e corrpound (b) riaving been pyrtf y,-(2)-aminated (PA*) wriecri is 

^ Z 15 S^H-on pattern of the sacc*artf e compound (c) ha.ng been pyridyf^-aminated (PA-c) whicri is 

^le ^"spectrogram (negative measurement) of the saccharide compound (a). 
F? 7 s Te mass spectrogram (negative measurement) of the saccriande compound «. 
Fta 18 ,s trie mass spectrogram (negative measurement) of the sacohande compound (c). 
Fta 9 is me mL-mass spectrogram (negative measurement) of trie saccriande compound (a . 
S on ! mSs-mass soectrooram (negative measurement) of trie saccharide compound <* . 
fJ S is £ mass-mass spectrogram (negatrve measurement) of the saccharide compouno (c). 
Fig 22 is the 1 H-NMR spectrum of the saccriande compound (a). 
Fig 23 is the 1 H-NMR spectrum of the saccharide compound (b). 
Fig. 24 is the 1 H-NMR spectrum of the saccharide compound (c). 

40 Mode for Carrying Out the Invention: 

^eS~c«-„ g pe.^edee .e used ~ £ 
chaise canbelde o, pubficly Known enzymatic, chemical or priys,ca, metriods trierefc, ^ ^ 
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safe These sufeted-fuco^-^ng po If*"^ S^SSpc*-ium safe or the liKe. The sdts 
converted into safe thereof They are usually sotated* m^cSandes and free degradation prod- 

of these substances can be converted ,nto tree ^Furthermore, these safe may be sub- 

ucts of the same by treating wrth a cat-on into various desired safe, if necessary, 

jected to saft exchange reactions .n a conventual manner to ^ can be made of 

'as the safe of me sulfated-fucose-cor^^^ and ^ ^ d 

Sr^S as Py^m. rt — 

^estffreb^gaec^^^ 

^ K;«/a crass,Ma Urtna* ^"^^^^ trom wh,ch sutfated-fucose-contam- 

SS 27/1 992 su* as Slichopus iaP on,cus and M ^ aad * not substantia.^ con- 

SuHated-fucose^ntaining po.ysacchande , . dassrf ed jrtoa ■JJJJ^J^ uonjc ackl is ^ed in sev- 
tamed and the main exponent of the censing sugar a subjanc forii ^ substance 

eral % and the constituting sugars .nciude ^^ a ^"^^^ ningpo ,^har1de-F while that con- 
containing substantially no uron* acd will be referred ^^^S^Ke, ^re will be referred 
tainino tronic acid will be referred to as sulfated-fucose^n.ng^^^ande ^ sutfated . 

*~ 

thereof may be used in the present .nvention. ^ be prepared by drying brown algae, sea 

taning sutfeted-fuco^cont^ning .^^^^t^i the extraction terrperature and time 

To extract substances ^ ain,n ^ ufe, ^ < ^^ r ^v E Jyfrom the ranges of 0 to 200°C and 1 to 360 n» 

a^^eo^ 

As a means fa purifying the extract so as to ^ t ^^^^ cct ^ r Ses with the use of calcium 
can be made of. for example, fractionation of fte s ^2;^^ n "^Sy2 ; charides wrth the use of an acidic 
chkxde, barium acetate, etc.; fractionate of the ^^TSS of the suffated-.ucose^ontaining 
pCysacchar^e agglutinating agent su* - ^SS^S S S^E P«*"» ° f -* 961 ^ 
polysaccharides with the use of an aad* ^'"f^^^XL by combining these procedures. 

with the methods described above. h ,r/^ enntainina polysaccharides The brown algae to be used 

Brown algae usually conta.n a number «J^%%£^£ be made o. those originating in Fucus evz- 
in the present invention are not part.cularly rM f r F V^ t ^ " and any other brown algae. 

T;r^^^ - ~ — - an -~ - 

^ b ,own aloae to be extracted may be use. as rt ,, How.er. ^^^Z^Zto^s 
the extract, the brown algae are dr.ed, powdered. ««had^ -~^ C ^ J.' ^.nation of the 
solution conta.n.ng formajdehyde. acetaWehyde, .™ e „ wed ^ 

«"»««"^^ brown algae w * e alco hol- 

When sulfated-fucose-corrtainmg polysacxharrfes are ewaa ^ b adding calcum 

wash,ng res.due thereof, the SL the'subseouent punf.cation. 

— r*sr : sir — t0 ^ 
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pocxe^ction^encycanbea^ 
^.'nsuch^ 

water and men calcium acetate e added to me ot acid ex party 

When the sulfated-'ucose^r^po^o^^to ^^^^tions lor the extraction are not 
decraded products are to be obtained ,n the st* t^TsSLs of neutral salts such as sodium 
particularly restricted. In such a case, use can b^madeot water aqueo^ ^ ^ ^ phQS . 

chlonde and magnesia chloride at vanous c °^^^STaqueous solutions of. for example, sodium 
phone add and hydrochlonc acid at vanous co ^^^^^^^ an d preservatives may be added 
££ xxje and potassium hydrox.de -\^Z^^^Z J^ time *e not partly restricted, 
hereto. Aisa the pH value of the Sstant against acxts and alkalis Thus, the 

treating wrth a molecular weight fractionabon merrtx^e^ete.^^ sufeted-fucoseKX.ntaining polysaccha- 

That is to say. the molecular weights and sacoharde "^S^»«Sninfl polysaccharide-F and derrada- 
nde nature. suHated-fucose^ntain.ng ^^X^"^ of the sulfated-fucose- 
tion products thereof to be ^ h J^^"^^SJS materials, the method emptoyed for stonng 
containing polysaccharide matenals^the r ^^ e ^^.^Zse<^n m polysaccharides such as heatrng 
the materia* and the conditions ofthe ^^^^f'^SidJ aTe^ydrofyzed with acids. Under 
conditions and pH value. For example. ^fJ^^^^cS^ning polysaccharides proceeds as a 
a .k».in fi conditions, on the other hand, the degradation of sulfated ^£.1* weioht distributions of the 

result of the p-elimination of ^^^^^^^"e^;^ polysaccharWe-F described herein 
suHated-fucosooontaining potysacchande-U .^tSubon can be easily varied by con- 

are each a mere example thereof. The molecular ^ ^™de, For example, the sulfated-fucose- 
trolling the conditions for Seating ^^!S!S^lSSS!^ of about 1 .000 to 1 0.000 in molecu- 
containing polysaccharide-U and ^^^^X^rnM at 100-C for 1 hour under weakly alkaline con- 
,ar weight distribution can be prepared *J^?£fi*Z££ j„ the step of desalting. The sulfated-fucose- 
drtfons and Z^Z^rZZ^^f^ artxtrary rr^eoiar we*ht and 

containing polysacchande-U and the sulfated ZZ^, ate lv selecting the treating conditions, 
molecular weight distribution can be J^^^ZSS^S^Lm brown alga extract by. for exam- 
Alginic add and neutral sacchandes may **^^*£^ um Coride in the presence of salts such 
pie. adding an acidic polysaccharide ^^^.^JSat^ ^ed any more and then collecting the pre- 
as sodium chlorde at a concentration of Oj^ 0* M «*- » PJ^KSTS to 0.6 M of sodium chtoride and the 
dpitate. If required, the predpitate .s washed wrth a ^™ *J^j*^ alconolic solutfon of sodium chto- 

c^ylpyrklinium chloride contained in the prear^tejs wa^ a ^urated^ ^ ^ ^ ^ 

noTTthereby give a » disso ^ «* *" "5 

f ated-fucose^nta.n t ng ™™ *• iS deSarted . 

an anion exchange resin or a P^^' de neSed to eff idently produce the S ulfated-fucose<onta,n.ng 

40 freezedried, a dry preparation can be obtained. When rt* .needed exarrple. cetylpyridinium chloride 
polysacchartfe-F alone, the sattoonce*aton,n the ^ ^^^edpitate contains exdusively the sulfated- 

aqueous solution of a sulfated-tucose-ccntaining ^r^^of^Sfated-fucose-contaming polysaccharide m-xture 

Polysacchar^e-U at a sart concentrator lof ^J^^ to < 5 M arxi then an aad.c polysaccharide 

so Sanple. the salt concentration of the .stormed any more. Thus the sutfated- 
agglutinating agent such as cetylpyr.din.um chlonde »s * jon of me sutfa ted-fucose<x)n- 

f^e^onteining polysacchar^F is precipitated. ?* """^^ arxj then the suKated-fucose- 

tain,ng polysaccharKie-U can be obtained. Th,s solute ^^^^^ * M as much ethand thereto, 
coning polysaccharide^ contained f^rXl alcoholic solution of sod.um chlo- 

55 Next, the cetylpyrK^um chloride m the ^"^^^J^ preS ent invention. The sultated-fucose-con- 



10 



15 



20 



26 



30 



35 



5 



EP 0 884 383 A1 



5 



i ^ ta inpri h is also oossible to add preservatives and the like during the process. 



(2) 
BP-5402) 
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having the W- 

The suHated-.ucose^ontB.n.og pofysaahande-U rs the s ^"™-^ 5 and 6 ^ be 

S rCaT^~^ - SA^ (FERM BP-MO*). 

Nex^ed-to^^^ 
ing the same will tuther be descnbed in detail. The sulfataMv^corra ^^-y- polysaccharide mixture is 
Resent invention may be prcxtuced After the com- 

SUted with a degrading enzyme ^l^^^^^^^u^^ed is eliminated by uttra- 
pletion of the enzymatk; reacts, the ^^^^J^^be^eZ long as it can se.ect.vely 
filtration, etc. As the above-mentioned degrading enz^.any enzyme ™ybe us^ ^^^^e 

de^ethesulfated-f^^ (FERM BP-5402) described in 

above-mentioned endofucoidanase produced by Flavobactenum sp. om-u 

about 6 to 9. . ri d na enzyn1 e having the ability to degrade the 

It is also possible that a microorgamsm capable of ^^'^^^^^ed-Ljse^ontaining polysac- 
sufeted-fucose-containing pofysaocharxie-U is incited ,n a t ^^^^^ ei from the medium, 
charge mixture has been aided and then the ^^J^^^^* producing a degrading 
The miaoorganism to be used therefor may be an ^^^^^J^J^a particular examp.e thereof, 

Human-Technotogy. Agency of Industrial Instituted 
and Human-Techn^ogy. Agency of ^^^Sffi £ 1 Stated at National Instrtute of 

chande-U showed entirely different behavior to an acidic polysaccharide aggregator pres 

salt(s) havinq a concentration of 0 6 to 3 M =ai _ tpri fr „„ qn 3quP ous solution of a sul- 

Tneretore. the sulfated-fucose-containing polysaccnande-r can be aep-.a.ed f.-m -qu- 

fated-fucose-containing polysaccharide mixture. 1 i fa t«i-fucose-conta.n l ng polysaccharide mixture 

First, one or more salts are added to the aqueous « uton of the ^J^^ES, be made of. for 
in such a manner as to give a total salt concentration of 06 to J M As the sarts ^ as ^ an 

example, sodium chicle arc! calcium chlonde witoout r ^^.^ e ^^^^ ■ ^ then 
s acidicpolysaccharkle aggregator such as ^^^V^^° f in *e present invention. 
•ho P ,£Unto is collected to give the sutfated-fucose^ontaming polysaccharide F used int. p ^ ^ ^ 
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obiect of separating surtated-fucose^ontaining polysaccharkJe-F and soHated-fucos^nin^ M*^*^ 
object « se P^ a ^ ^ a , #,6 sart concentrator, of around 1 .5 M. 

ride in excess. ^ ^jip the abscissa refers to the concentration (M) of 

The suttated-fucose-comajning paybduwidi uc- eniutions are mixed at various rabos 

^edinwaterand^^um^ 

to1herebygive125^portcnsols^ cetylpy ndinium chloride was disserved in 

at a concentration of 2% To 1 <>:> |ii pomons oi *> -Orations were added 400 |il portions 

sutfated-fucose^ontaining pdysaccharkie-F with ^^^^^^^^ghly stirring and allowing 
of cety^ Hum chlortfe solutions wrth ^^^^^^ S i is deXmined by the 
,o smndfor 30 minutes, each JSSSSSSl caption of the predion rat* 

nh onol sulfuric acid metnOG IMJ knyin^ou utio..«o UJl y 

ride-F. The sulfated-fucose-conta,n.ng P^^^^"^"^^ " the sulfated fucose^ontaimng 

To produce the of 1 mM or more to the suffated-fucose^on- 

or more. As the cherrtcal serving as the divalent cafcon source to be u*ed m JJ^^^Swecap be also made 

exhbit particularly excellent effects. However, the present ,nvent.on is not restricted thereto and use cap 

of magnesium sulfate, manganese cNorid^eta be MM ^ exam . 

MM - *. » c «» «~. ~ is?, s sss !»— * 



tion number. 

The gel filtration is performed under the following conditions: 



55 column size 3 08 x 162.5 cm 

solvent 



lOmM Sfum^hosphate buffer (pH 6.0) containing 0 2 M of sodium chloride and 10% 



7 



sample concentration : 0.25%; 

sample volume 
molecular weight standard 
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Shodex STANDARD P-82 (mfd. by Showa Denko, K.rv 
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rwdrcchionc aod to give a concentration of 0.5% and treateo ai mp ^ rdiysxs are pyndyl- 

ing rrxxx^saccharides. Subsequent the reduang enas or therr^a^^ cWa ned ^ ^ 

laminated (PA) by u*ng GlycoTAG and ^ycoTAG Reagenl ^ ^ b V JaJ- ^^ u J r ^ foll ^ na 
posrtion ratio of the constituting monosaccharides rs analyzed by HPLC. The HPLU per 



conditions: 



apparatus 
column 
eluerrt 
detection 
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Model L-6200 (mfd. by Hitachi. Ltd.); 
PALPAK Type A (4.6 mm x 1 50 mm); 

700 mM borate buffer (pH 9.0) : acetonitrile = 9:1; fluorescent 
Fluorometric Detector F-1150 (mfd. by Hitachi. Ltd.). excrtatKxi wavelength. 310 nm. fluorescent 

wavelength: 380 nm; 
flow rate : 0.3 ml/mi n; 

column temperature : 65°C. 

. . , ^ mortwi H«^cribed in Analytical Biochemistry. 

Next the content of uronic acid is aetermineu in d^-ua, ^ 

4 the content a. su»uric acid is deleted in accordance with the method descried in B^hem**, 

Journal, 84, 106 O^ 62 ) . r;Hoc nf thp cj.ifaied-fucose-corrtaining polysaccharide-F 

Sf^Lantaily contained therein. The meter ratio of fucose J™**"^* „ M ^ phosphate buffer 
Next16n*ofa1%sc^nc^^^^ o^inatng in 

^bactenum tp SA^^ER^S^) de^rtoed JwwSwTara mixed together and reacted at 25°C for 

^.tTrSu, no degradation prexfuct is ^.^^^Sm Si is measured wHh a Fourier 
Then the IR spectrum of the ^^^^^^^^^T^^ as shown in Rg. 5 is 

transform infrared spectrometer JIR-DIAMOND 20 (mfd by JEOL ^^^^ wave ^ (enr i,. 

obta-ned. .n Rg. 5. the ordinate ^ to *^ 01 •* "~ * ^ 

ical Sin ; H-NMR are expressed by taking the chemical shrft of HOD as 4.65 ppm. 
1 H-NMR(D20): 

freezT^^ 

As such, the suHat^cose-»ntain,ng to be used in the 

taining oolysaccharKde-U and purrf,ed. ,s prowled. The sulfated ,u ^*^™ J h ^ n ^ , s not graded by the 
present ,nver*on substantially certains no 

fucodanase produced by Flavobactenum sp. SA-0082 FERV I BP ' 5AO^ me compos-fon. Namely, sul- 

•^vontion j. . r r- > .-yH '^w "nplfvt ilnr 



8 



EP 0 884 383 A1 



a^o.P^n.a.end^ed-^ 6 
Mr. having an aMty ot pnxtang ^^*^™^SS<0**» No 204187,1996. 

and ^T«.^^^««^^',^ a, NaOona, ha**, 

manne alga powder, alginic acid, fucose, galactose, glucose, rrannira.. giycw 

liouof. meat extract, 

s^^= s xrr^^rr^~ r ^n„.e rei . 

fucose-containing polysacchanae-r aegrauniy ~ — - 

trie cells and the culture supernatant ar ™-ooriate medium and the cells are bar- 

extract can be obtained. rnmmnn i v emnloved in the art to thereby give a 

Subsequently, the extract is purified by a punfratnn P^^^' y Jj£^ ^ wchang e chromatogra- 

, S^Iwn, P*»«*«*f *«»*• »»™ ^t^t^nSSS a*» med„m also »n*s 

""CSLc* and po^n**' pioperties o. M endo^Wad-nacosa^n, pCvsac^dd.F d^adin, 
40 enzyme of the present invention are as follows: 

s-F: 

(FERM but P "rTaLg on suKated-fucose^nta.n.ng polysaccharides ha.ng the folding physical 
properties, i.e., the suHated-fucose-contaimng polysaccharide- U. 

(c) constituting saccharide: containing uronic acid; and (FERM BP-5402) to thereby 

r.^r^r;:^^ 
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(II) oobmumpH value: being from about pH 7 to 8 (Fig .7). 

strate ( f . , t v . ,,.,1 nt.^vv tho i^f 1 nf ^ophanv^ 



11 



EP 0 884 383 A1 



(V) method for measuring enzymatic activity: 

The activity of the endo-sulfated-fucose^ontaining polysaccharide- F degrading enzyme e measured in the fol- 

^"rsuHated-KK^e^taining p^ysacchande-F ar* PA-FF saving as^ *"^«£J«** 
fated-fucose-contain.ng pdysacchande-F degrading enzyme are prepared in the following steps (1) to (3) 

(1) Preparation of Kjeilmaniella crassifolia sulfated-fucose^containing polysaccharide mixture: 

2 kg of dry Kjellmaniella crassifolia is ground with a free mil Model M-2 (mid. by Nara Kikai Se.sak.sho) and 

^ 7 1 . f n. 0 r> ^ n ,~ tv,™ ic fiHof pH anri the residue is furttier subjected to 

treated in 4 5 bmes as mucn 80% etnainj dt 80l>KXt nours. i neti si w _ 

JJaCe procedures, i.e.. the extraction with 80% ethano. and filtration three to thereby g.ve 1 .870 g of the ^due 
!Ll3Sshing. To this rescue is added 36 I of water ard the mocture is treated at 100-C for I hours ^ then 
fXedto thereby give an extract. The salt concentration of the extract is adjusted to the same level as that ofa4O0mM 
ItS. ch.oride. Tnen 5% of celyfpyridinium ch.oride is added thereto until no prec^te ,s .farm* «V 
Softer centrifuging the precipitate is repeatedly washed with 80% ethano. to thereby completely el.rn.nate the 
thereTom Next, it is dissolved in 3 I of a 2 M solution of sodium chforide. Aft = ng the 
SSle matters by centrifugation. 100 ml of DEAE-Cellulofine A-800 (mfd. by Sakagaku Kogyo) equated wrth 2 M 
^um cZ^s s^dSth^n. Tne suspens.cn is stirred and men fMered to thereby remove the resin The U- 
S^fSintoa JoSToEAE-Cdlulofine A^00 column equilibrated with 2 M sodium ch.orde and the fraction passing 
desalted and low-mo.ecu.ar weght matters are removed herefrom by using an uliraNMon membrane 
molecular we.ght of membrane. 100.000). The precipitate thus formed is e.irr,nated by centirfugation. Tne 
^STsTeeze^ed to thereby give 82.2 g of a punfied KjellmanieUa crass*** suf.at^-.ucose^nta.n.ng 
polysaccharide mixiuie. 

(2) Preparation of suHated-fucose-containing polysaccharide-F: 

6 g of the above-mentioned suHated-fucose-containing polysaccharide mixture originating in Kye//man,e//a 
crassMia is dissolved in 600 ml of 20 mM of sodium acetate (pH 6.0) containing 0.2 M of f cium ^^^ 
solution is fed into a 3600 ml DEAE-Sepharose FF (mfd. by Pharmacia) column P**^* ^^^^ 
SsoSm acetate (pH 6.0) cortaining 0.2 M of catoum chforide. Tnen me column is 

«xSn acetate (pH 6.0) containing 0.2 M of ca.aum chtoride and devetoped by linear grad.ent edution wrth sodium chlo- 

^ Tne sullttd-fucose-containing polysaccharide-F fractions eluted at sodium chloride concentrations of 0.75 M and 
above are cS Sed and desalted by us-ng an uttraf ilter provided with an ultrafiltration membrane of exdus.cn molecular 
w^S« freezing, sigofa freezedned preparation of the so.fated-fucoseKX.nta.n.ng polysaccha- 

ride-F is obtained. 

(3) Preparation of PA-FF: 

12 mg of the above-mentioned freeze^lried preparation of the sulfated-fucose-containing polysaccharide-F is dis- 
solved in480 nl of water and 12 , 1 portions of the obtained solution are pipetted into 36 tubes .After freezing me 
SSng end is pyr,dy1-(2)-arninated (PA) by using GlycoTAG and GlycoTAG Reagent Krt to thereby grve PA-FF. Tne PA- 
FF^ Q oSir^ y is dissolved in a 10 mM solution of ammonium acetate containing 15 m. of 10% 
jected to gel filtration with the use of a Cel.ulofine GCL-300 (mfd. by Seikagaku Kogyo) column (40 x ^rn^ The 
n£h molecular we,ght fractions are collected and desalted by thoroughly dialyzing wrth the use of . d£» membrane 
of 3500 in pore size. Subsequently, rt is concentrated to 5 ml wrth an evaporator to thereby g,ve PA-FF to be used as 
the substrate of the endo-sulfated-fucose-conta.ning polysaccharide-F degrading enzyme. f „ inrPSCenC e 

Tne quantity of PA-FF thus obtained -s estimated as about 40 nmd through the comparison with ^wescerKe 
intensity of marketed pyr.dyl-(2)-am,n a ted fucose (mfd by Takara Shuzo Co.. Ltd.; excrtation wavelength: 320 nm. flu 

"Tu^TSt^-Sse-conta.ning pCysacchar,de-F obtained by the above steps (1) and (2). the activity of 
the erdo-sulfated-fucose^onta.n.ng polysaccharide degrading enzyme is determined in the following ^manner 

Namely 12 nl of a 2 5% solution of the suffated-fucose<ontaining polysaccharde-F, 6 n of a 1 M solution of ca 
ciumS'e 12 m of a 1 M solution of sodium chlorde. 72 m of a buffer (pH 7.5) containing 50 mM of acetic acd, ,m.- 
oToleTrd Tris hydrochlorde and 1M of the endo-sulfated-fucose-ccxrtammg polysaccharde-F degrading enzyme 
Tl* tng-i and reacted at 30'C for 3 hours Tnen the .action mixture : is treated a, 100-C for 10 minute^and 
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fucose<ontaining potysacchande-F degrading enzyme by the buffer used to prepare ^^^^^T 
ina Dolvsaccharide-F degrading enzyme solution and another reaction mixture prepared by the same method btit sU> 
^r^T^Lf^s^^^^e-F solution by water alone, These controls are also anatyzed by 

HPLC 

The anxxnt of the enzyme by wh.ch the tucosyl bonds in 1 nmol of the sulfated-fucose-containing. porysaccharide- 
F ca^be^dln ie S7s taken as one U. The fucosyl borxis thus cleaved are calculated in accordance wrth 
the following equation: 

Activity (UAH) = {(12 x 2.5)/(100 x MF)} x [(MF/M) - 1} x {0.127(180 x 0.01)} 

sulfated-fucose-containing polysaccharide- F (mg) added to reaction system; 
average molecular weight of substrate (suHated-fucose-contajning polysaccharide-F); 
average molecular weight of reaction product; 

number of cleavages by enzyme in one molecule of sulfated-fucose-containing polysacchande-F; 
reaction time (rrun); 
volume (ml) of enzyme solution; and 
volume (mi) of whole reaction mixture. 



(12x2.5V100 

MF 

M 

180 
0.01 
0.12 



The HPLC 'is performed under the following conditions: 



apparatus 

column 

eiueni 

detection 
flow rate 

column temperature 



: Mode* L-6200 (mfd. by Hitachi. Ltd.); 

OHpack KB-804 (8 mm x 300 mm, mfd. by Showa Denko K.K.); 

: 25 mM j^dazole buffer (nH ft) containing 5 mM of sodium azide, 25 mM of calcium cHonde and 
50 mM of sodium chloride; 

differential refractometric detector (Shod ex RI-71 , mfd. by Showa Denko K.K.); 

1 ml/min; 

25°C. 



To measure the average molecular weight of the reaction product, marketed pullulan with a ^^^ecdar 
«eiaM (STANDARD P -82 mfd. by Showa Denko K.K.) is analyzed by HPLC under the same condfcons as those 
6^JS^e -Ln a curve sr«wing the re^tk>nsh,p between the mdecufcr we,ght of the puHulan and the ronton 
STon the OHpak KB-804 is prepared and employed as the standard curve for determining the molecular we,ght of the 

ttSSZZTL. «. ..) .o m. *. .** - «. 

rx>lysacchahde-F degrading enzyme of the present invention is determined .n the K>.K>wing manner. 

N™2 pi of an 8 pmolfrJ solution of the PA-FF. 5 m of a 1 M solution of calcium ch.onde. 10 >il of a 1 M I scMon 
of s^^lcL, 23 pi ofwater, 50 pi of a buffer (pH 8.2) containing 50 mM of acetic aod, .rn.dazo.eanc 1 Tns h^ 
chSe and 1 0 pi of the erxfo-su»fated-fucose^nta,ning polysaccharide-F degrade enzyme are mixed ^^erand 
vSL at 30-Cfer 3 hours. Then the reaction mixture is treated at 100*C for 10 minutes and centnfuged. Then the 
riporee of dearadation is measured by HPLC using 80 ^l of the sample thus prepared. 
^ £2ESs made of a reaction mixture prepared by the same methcrf but ^^e ^su^d- 
fucose^onteining polysaccharide-F degrading enzyme by the buffer used to prepare the erxlo^tfatedju^corrtam- 
SS^SSJS fading enzyme solute and another reaction mixture prepared by the same method but substi- 
tution the PA-FF solution by water alone. These controls are also analyzed by HPLC 

Te amount of the enzyme by wh^h the fucosyl bonds in 1 nmo. of the sutfated-fucose-conta,n,ng potysacchande- 
F can be cZed in one minute's taken as one U The fucosyl bonds thus cleaved are calculated ,n accordance w,th 
the following equation: 



16 x 10" 6 

MF 

M 

(MF/M)-1 

180 

001 



Activity (U/ml) = 16 x 10 6 x{(MF/M) - 1} x {1/(180 x 0.01)} 
amount (fimol) of PA-FF added to reaction system; 

average molecular weight of substrate (surfated-fucose-contaming polysaccharide-F); 
average molecular weight of reaction product; 

number of cleavages by enzyme in one molecule of sulfated -fucose^ontain.ng polysacchande-F; 
reaction time (min); and 
volume (ml) of enzyme solution 
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w 



is 



20 



25 



30 



35 



40 



apparatus : Mode* L-6200 (mfd. by Hitachi. Ltd.); 

- _ OHoak SB-803 (8 mm x 300 mm, mfd. by Showa Denko K.K.); 

: 200mM sodium chkx.de soluton containing 5 mM of sodium az.de and 10% of d.methyl suHox- 



eiuent 

detection 

wavelength: 400 nm; 
flow rate : 1 rni/min; and 



ide 

: Ruorometnc Detector F-1 150 (mfd. by Hrtachi. Lid ), excrtatKXi wavelength: 320 nm, fhjorescent 



column temperature : 50°C 

cinhrt ~* the react™ nrrvi.^rt thp reriucino end of marketed pullulan with a 

Krt to Ihereby give PA-pullulans of various molecular wekjhts. These PA-pul.u.ans wrth vanous 
£2£ ^then anarvzed" by HPLC under the same cordons as those ^bed^e^en a^urve 
relationship between the molecular weight of the ptlulan and the retenton time on theOHpak SB-803 is 
erWd as the standard curve for determining the molecular weight of the above-mentened enzymatK, 

£££b determined by measuring the absorbance of the enzyme solution at 280 nm. Calculation * made by 

taking the absorbance of a 1 mg/ml protein solution as 1.0. rt ^^,no *n™™> was clar- 

Next, the action mechanism of the endo-sulfaled-fucose-«xita.n,ng polysacchande-F degrad.ng enzyme was clar 
ified and the degradation products was prepared in the following manner. 

(1) Degradation of sulfated-fucose-containing polysaccharide-F endo-sulfated-fucose<ontaining polysacchande-F 



~i ,j ^i^i u^r^ r\mr4i ir4 

enzyme ana pfep t4,cluu " u ' 



Purified sulfated-fucose^ontaining polysaccharide-F originating in Kjellmaniella crassifolia is treated with the 
enc^e^^^P^^^ degrading enzyme to thereby prepare the degraded products 

•"St the sulfated-fucose^ning pdysacchartfe-F degrading enzyme is produced . N^Jy Aggnm £ 
SN-1009 (FERM BP-5747) is inoculated into 600 ml of a med.um compnsing an artrfwal seawater (pH 8_2 mta by 
ZZ i iSory) containing 0.25% of glucose. 1 0% of peptone and 0.05% of yeast exfract £c * has been aer, 
S^120'C 20 minutes) and pipetted into a 2-I Erlenmeyer flask. Then the stra.n ,s .ncubated therem at 25 Cfor 26 
^ n ther^v al e a seed cutture Into a 30-1 jar fermenter is fed 20 1 of a medium comprismg an artfeial seawater 
S 8 0^ H O^oTpXe. 0.02% of yeast extract. 0.2% of the above-mentioned suKated-fucose^ng 

Sl^SriTe ^%^T^»a cLsfcfe and 0.01% of a defoaming agent (KM70 mfd bjr Sh.n-Bsu 
ctlSca^ l*3aSlized at 120»C for 20 minutes. After cooling, the medium is inoculated wrth 600 m, of the 
ST^^n^se^re, wh*h is then incubated therein at 24»C for 24 hours under aerating at a rated 10 Um,n 
^aX^at 25?^Afte the corrp.etion of the incubator, the cufture medium « centnfuged ° thereby 9^e* e 
curture ^ernatant. The curture supernatant thus obtained i. concentrate. Iwrth an uhraflter wrtha frac- 
tional ^ 0,000 and satted out with the use of 85% ammonium sulfate. The preoprtate thus formed s 
^ thoroughly dialyzed against a 20 mM Tris hydrochloride buffer (pH 8.2) corrtain.ng artit,- 

Cia ' ^^l^^ - r. of the above-m^oned su^ 

*«2ii2^XSSS arxt 36 r* of water are rr,xed together and the pH value of *• - J^^J 
STSSici - 25^ for 48 hours, the reaction mixture is subjected to g^ titration by «nj C***» QCW00 
« and thus drvxded into four fractions wr»ch are referred to. in order of mo.ecutar we,ght. as ^F-Fd-1 Jj^JjJ 
more than 25.000). F-Fd-2 (mo.ecular weight. 12.000 - 25.000). F-Fd-3 (molecdar ^^^^^ 
(molecular weight. 65.000 or less). These fractions are desalted and freeze-dned to thereby g.ve 170. 270. 300 and 340 

mB Fr^Z^SStLon wnth CelMofine GCL-300 of *e enzymatic digesbcn ^ucts^sul- 
sc tat JSc^^r^Lc^aride-F. i.e.. the degradation products. In Rg 9. the ord.nate refers to the absorbance 

^t^c^^S^^mn^ by the phenol-sulfunc aad method) wh„e the absassa refers to me fraction 

t^ EaTJZZs 10 m. of the eluate. The column is 1.075 m! in volume and a 0.2 M solution of ammon,um 

arptatP norrtainina 1 0% of ethanol is employed as the eluerrt. 
^nrTf leo^ circle shows the result of the gel filtration of the suHated-fucosecontain.ng , polysaccharrie-F 
ss wh,ch has been dSSed with the enzyme, while the so„d ,r,an g ,e stands for the resurts of the ge! .Utraton of the 

Wed-fucose-contaWngpo.ysa^aride-Fp^ ^ r ^ p ^ n , mP s „Ka»ed- 
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apparatus 
column 
eJuent 
detect on 



25 



30 



40 



45 



30,000. 

(2) Analysis on reduang-end saccharide and neutral sacchar.de cornposrtion in enzymatic reaction product: 

A Dortkx! of each of the above-mentioned F-Fd-1, F-Fd-2, F-Fd-3 and F-Fd-4 is sampled and the reducing end 
, Z^lZZ ^n^ (pA) bv using QycoTAG and GlycoTAG Reagent Kit. The (PA-F-Fd-1 ). (PA-F-Fd-2). (PA- 

the reducing-end saccharides are examined by HPLC. 
The HPLC is performed under the following conditions: 

Mode] L-6200 (mfd. by Hitachi, Ltd.); 

PALPAK Type A (4.6 mm x 150 mm) (mfd. by Takara Shuzo Co.. Ltd.); 
700 mM borate buffer (pH 9.0) : acetonrtnle = 9:1; 

Fluorometnc Detector F-1 150 (mfd. by Hitachi, Ltd.). excitation wavelength: 310 nm, fborescent 
wavelength: 380 nm; 
flow rate : 0.3 ml/min; 

column temperature : 65°C. 

As a result it is found out that (PA-F-Fd-1), (PA-F-Fd-2), (PA-F-Fd-3) and (PA-F-Fd-4) all carry fucose as the reduc- 

X nLral saccharide corrposmons of F-Fd-1 , F-Fd-2. F-Fd-3 and F-Fd-4 are determined in the fa.ow.ng 

r^TLZ^Zse^m^cc^r^F enptoyed as the substrate is ^yzed^^^^aad 
^Z rZZT^ of the constituting saccharrtes thereof are pyndy.-(2)-am,nated (PA) by us,ng QycoTAG and Gly- 
mTO Re^"l« and then analyzed by HPLC under the same conditions as those emptoyed in me ana.ysKu.um 
22? JSSl^Sn products^ aresuK, only fucose and gafcctose having L- ard D^nf durations respect^ 
are detected Thus only L-fucose and D-galactose are examined regarding the products. 

rSTtrieconTems of D-ga.actose. which is one of the constituting saccharides, are determined jn the Wlo^ng 
mannt^y usingTrOt LactosJoalactose (mfd. by Boehringer Mannhe,m-^manouch). a reacton system by wh.<* 
SSS an be determined is constructed in accordance with the manufacturer s descriptor Separate* F- 
ft m J W2>E£and F-Fd-4 are hydrofyzed wrth 4 N hydrochfooc arid at 100»C for 2 hours and. after neutral.a- 

100 Tnlse^esu^be iZSSt fclfcws. The erx.o^tf.ted-fucose-conta.ning pc^ac^aride-F degrading 
^^JZlr^-^^n^ pdysacohartf e-F and hydrotyzes the fuoosyi ^^^Ta 
Son products of about 1.000 to 30.000 in molecular weight. Among these degradation P"*^™^* 
Sei mSeS?weignt shows a fcrger galactose content. All of these degradation products have L-fucose as the 

'^ZXe substrate specific^ of this enzyme is examined by treating the sufated-fucose-contam.ng polysaccha- 
ride^ with the suHated-fucose-containing polysaccharide-F degrad>ng enzyme. 

Namely 12 pi of a 2.5% solution of the suffated-fucoseoontaining polysacchande-U. 6 n of a 1 I M solution of cal 
dumdSSe 2 ul of a 1 M solution of sod.um ch.or.de. 72 pi of a 50 mM imidazole buffer (pH 75) and 18 ^l of the 
^ufefed'-fu^containing polysaccharxie-F degrading enzyme (16 mU/ml) are m.xed together and reacted at 
3 h^ls^nTe r Jo^rrtixture is tieated at 1 00>C for 10 m-nutes and centntug«l Then the degree of deg- 
radation is measured by analyzing a 100 nJ portion of the reaction m,xture by HPLQ enoo-sulfated- 
a- - r-^frcx u™ i- maHe of a reaction mixture prepared by the same method but substrtuting the enoo-suitatea 
" fuo^^fng^ysaoThLe-F degrading enzyme by the buffer used to prepare the endo-su^ted-fucose-cont.n- 
ing polysaccharide degrad.ng enzyme solution. This control is also analyzed by HPLC. 
The HPLC is performed under the following conditions: 

i5 apparatus : Model L-6200 (mfd. by Hitachi. LM ); 

column OHpak KB-804 (8 mm x 300 mm. mfd by Showa Denko K K ), 

column u ^2 h flor , pH q\ ™«a,n,nn s mM of sodium azide 25 mM of calcium chlonde and 
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detection 

flow rate 
column temperature 
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deferential refractometric detector (Shodex RI-71, mfd. by Showa Dento KX.)i 



1 rnl/min; 
25°C 



JO 



15 



20 



25 



30 



35 



45 



50 



55 



ing polysacchande-F degrading er^yme. |(U ^ h|006(HS( ^ n i^ polysacchartfe-F can be prepared by treaty a 
As such, degradation products of thesufeted ^™ ^ ^ the su(fate d-fucose-containing polysaccha- 
matenal containing the ^^^^^ c ^^ n ^^^. f ^ corrta ,n,ng polysacchahde-F. use can be 
nde-F degradng enzyme. As *e mater^ coning*. j££5£?£dui tVe^ve-mentioned sulfated- 
made ot. for example, a purrhed suifat^fuoose-c^™ ^ ^ ^ ^ent The material contain- 

tux.e^ntain.ng polysaccharide ^™^«^^<£Z<™i manner. Although the sulfated- 

I^n^ 

^^^r ^TSS^ - thereby give the degradatfcn 
Next the degradation products are subjected 10 m °'^ ,a » molecular weight distribution. The 

products of the sulfated -fucose^ontain.ng polysacchardeT^ mc^unrtjm n« ^ filtration „ * e 

Secular weight fractionation may be earned out by using ^ nT/S ^ subjected to purring 
use of a medlar wagbt ^n«^ J jg ^ ^ ^ ^ d ^ rada . 

5 and 6. As hereunder, physicochemical ^^^ S ^te^nT^^ not limited to said exarrp.es 
although the sulfated-fucose<ontain,ng Po'^cchand^ U used r ™ polysaccharide-U were measured 

"Secular weigrrto^^ 

obtained s determined by the ge. filtration method ^.^^^^^t^ content of the sam- 

^^extle^^nTof the suHated-fucose-containing po.ysac<*artfe-U of the present invention thus obtained 

are analyzed. o,,itatPd-fucose-comaining polysaccharide^ obtained above 

It is found out that the constituting saccharides of the sulfated and , 0 other neutral saccharide is sub- 

galactose : uronic acid : sulfate group = about 10 7 4 5 20. measured Thus the spectrum as 

« NMB spec.™ o, ca« sa, o< *. ^fcc^ce^ p*s**=**U * ™ *. 



Next the nm n spe^u ui m u. ^o.v.. u . . - 

ica. Sin H-NMR are expressed by taking the chemical shrft of HOD as 4.65 ppm 
1 H-NMR(D 2 0) 

of fucose) t , f:ir o rPA onn rmfd hv Horiha Seisakusho). the 
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75 



20 



Structue of suffated-fucose<ontaining polysaccharide^ has been eiuddated already as mentioned in me speo- 

™^?J£TS£^^ P^ysaccKande-U. 12 rrf of ^50 n* I phosphate 

J^£?*Sl*St£»« chloride and 8 ml of a 32 mU/ml sdution of tine endof^^ are 

^ ^^l^Ts-C (or 48 hours It is confirmed that the absorbance of the reaction mixture at 230 nm 

mixed together and reacted a, 25 C\ tor* hcu*K sow rf ^ Q{ ^ ^ed-furase^ortaining polysaccha- 

l e Tt T^^n^Z:^^ a" MVoWer G3 (mfd. by Asah, Ch«** Industry Ca, 

Flavobacterium sp. SA-0082 (FERM BP-5402) described in WO96/34004. 
Analysis on the structure of enzyme reaction product: 

!^sacchar2e-U obtained above is treated wrth this enzyme, oligosaccharides hav,ng the structures represented 
by the following formulae (I). (II) and (III) are formed: 
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Now. detailed description will be given. 

A portion of each of the above-mentoned three fractions (a), (b) and (c) separated and purified by DEAE-Sepna- 
rc ^ FRs P^yl (2)-am,nated (PA) at the reducing end by u.ng GlycoTAG ar* GlycoTAG Reagent Krt to thereby give 
PA sacchar>des (PA-a), (PA-b) and (PA-c), which are then analyzed by HPLC. 

The HPLC is performed under the following conditions: 

(i) HPLC analysis by using molecular weight fractionation coiurnn: 



apparatus 

column 

eluerrt 



Model L-6200 (mfd. by Hitachi. Ltd.); 

SHODEX SB 803 (4.6 x 250 mm, mfd. by Showa Denko, K.K.); 
0 2 M sodium chloride : dimethyl sulfoxide = 9:1; 

. ^ r _ ( . tT ^. ;tf¥ . 4 ,. f r « < r r , t,„4,* h v u,t nr h« 1 ^ * o Y ~\W>nn w^volonrrth ^Onm fluorescent 
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flow rate 

column temperature 



w 



25 



30 



: 1 mi/min; and 

: SOX. 



(ii) HPLC analysis with the use of reversed phase column: 



apparatus 
column 
eJuent 
detection 

flow rate 

column temperature 



Moded L-6200 (mfd. by Hitachi, Ltd.); 

LKX>Jumn (4.6 x 250 mm, mfd. by Kagaku Yakuhin Kensa Kyokai); 
50 mM acetic acid-thethylamine (Ph 5.5); 

Fluorometnc Deteclor F-1 150 (mfd by Hitachi. Ltd.), excitation wavelength: 320 nm, fluorescent 
wavelength: 400 nm, 
: 1 mi/min; and 

:40°C. 



Fios 13 14 and 15 respectively show the HPLC elution patterns of the pyrKlyl-(2)-aminated saccharide com- 
pouncte (PA-a), (PA*) and (PA-c). In each figure, the ordinate refers to the relative fluorescence .ntensrfy while the 
abscissa refers to the retention time (mi n). 

rS the physical properties of the corrpounds (a), (b) and (c), i.e.. those represented by the formUae (I). (II) and 

18 respectively show the mass spectra of the corrpounds (a), (b) and (c). while Bgs. 19. 20 and 
21 rifely show r^e mass-mass spectra of the corrpounds (a), (b) and (c). In each figure, the ord.nate refers to the 
relative intensity (%) while the abscissa refers to the m/z value. 

^eTer. Figs 22. 23 and 24 respectively show the 1 H-NMR spectra of tine compounds (a), (b) and (c). In each 

... .. . i fK/* ihcncca rcrforQ tn the dlRfTtlCal shift (DOm). 

figure the ordinate rerers to uie ^y»'d. imawi, — — ec ~ " " 

The chemical shifts in 1 H-NMR are expressed by taking the chemical shift of HOD as 4.65 ppm. 

Physical properties of the compound (a): 



Molecular weight 
MS m/z 
MS/MS m/z 



564. 

563 [M-H + J\ ^ t . . 

97 fHSOJ- 157 [unsaturated D-glucuronic acid-H 2 OH+r. 175 [unsaturated D-glucuronic aad- 
H+r 225 [L-fucose sulfate-^O-HT. 243 [L-fucose surfate-HT, 319 [unsaturated D^lucuronic 
acid' bonded to D-mannose-H 2 0-HT. 405 [M-unsaturated D-glucuronic acd-H^ , 483 [M-SO3- 
H + ] + . 



35 1 H-NMR (DgO) 



40 



46 



50 



6 5 78MH d J-3 7HZ 4"-H) 5.26<1H, d, J=1 2Hz, 1-H), 5.12(1 H, d, J=4.0Hz, V-H). 5.03(1 H, d, J=6.1 Hz, 1"-H). 
4 47MH d-i j-3 4 10 4Hz 3'-H 4.21(1H, br-s. 2-H). 4.12(1H, m. 5'-H), 4.10(1H, W W-7, 5.8Hz, 3"-H), 4.03(1* 
TJT^^ 3.83(1 H, dd. W* 10.4Hz. 2'-H). 3.72(1 H, m. 4-H), 3.72(1 H, m, 544). 3.70^ of 

2H. m, 5-CH2), 3.65(1 H, d< J=5.8, 6.1Hz, 2"-H). 1.08(H 3 of 3H, d, J=6.7Hz, 5*-CH 3 ). 

Saccharide composition: 

L-fucose : unsaturated D-glucuronic acid : D-mannose =1:1:1 (each one molecule). 

Sulfate: 

one molecule (at the 3-position of L-fucose) 

The peaks ,n 'H-NMR are assignable respectively to the positions shown by the numerical values in the following 
formula (IV): 
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(IV) 



OH 
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Physical properties of the compound (b): 



Molecular weight 
MS m/z 
MS/MS m/z 



724. 

723 [M-H 4 !, 361 [M-2hrf\ 

. 97 [HSOJ-, 175 [unsaturated D-glucuronic add-H*]\ 243 [L-fucose sufate-H+T. 321 [M-SO3- 
2H + ] 2 . 405 [M-unsaturated D-glucuronic acid-S0 3 -H+r. 417 [M-L-fucose-2S0 3 -2HT 



1 H-NMR(D 2 0) 

6 5 66(1 H d J=3 4Hz, 4"-H). 5.27 (1H, d. J=7.3Hz, 1"-H). 5.22(1 H, d, J=1.8Hz. '-H), 5.21 (1H, d. J=3.7Hz, V-H). 
4 50(1 H d J=3 1Hz, 4'-H), 4.32(1 H, q, J=6.7Hz, SM), 4.27(1 H, d< J=3.7, 10.4Hz, 2'-H), 4.21(1 H, 6< J=3.4, (x7Hz, 
3Mfl 4 1 8(H of 1 H d-d, J=1 8, 1 1 .0Hz, 5-CH), 4. 1 5(1 H, br-s, 2-H). 4. 1 0(H of 1 H. d-d. J-5.8. 1 1 .0Hz. 5-CH). 3.99(1 H, 
d-d. J=3. 1. 10.4Hz, 3'-H), 3.900H, m, 5-H), 3.82(1H. m, 3-H), 3.82(1 H. m, 4-H). 3.54(1H, br-t J=7.3Hz, 2"-H), I.IUH3 
of 3H, d, J=6.7Hz, 5 -CH3). 

Saccharide composition: 

L-fucose . unsaturated D-glucuronic acid : D-mannose =1:1:1 (each one molecule). 

Sulfate: 



three molecules (at the 2- and 4-positions of L-fucose and the 6-posrtion of D-mannose). 

50 The peaks »n 1 H-NMR are assignable respectively to the positions shown by the numerical values in the following 
formula (V): 
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25 



Physical properties of the compound (c): 



Molecular weight 
30 MS m/z 
MS/MS m/z 



1128. 

- 97 2 ?H^j r 175 [unsaturated glucuronic add-H+r. 225 [L-fucose ^ x ^^'^\ l Y 
fuSse SSe-Hl*. 371 ^saturated D-glucuron,c ac^-L-fucose-SOs^H^. 405 [suKated L- 
fucose bonded to D-mannose-HT. 721 [M-D-mannose-L-fucose-S0 3 -H 2 0-H J . 



35 1 H-NMR(D20) 

6 5.69(1* d. J=3.7H 2 . (4)--H), 5.34(1H. s, (1)-H). 5.160H. S. ^'^^^^l^^i 
I 1 7Hz V-Hl 4 93(1H d J=6 4Hz. (1)"-H). 4.50(1H. d-d. J=3.4. 10.7Hz. 3'-H). 4.47(1H. d-d, J=3.4. 0 .4Hz. (3) H). 
4?J 1H d J-7 9Hz 1 -H) 4^(1H bri, (2)-HM.14(1H. m. 2-H). 4.12 (1 H. m, (3)"-H). 4.12(1H. m. 5'-H), 4.12(1H m. 

S 3 73(1H m 4-H) 3 73(1H m. 5-H), 3.73(1H, m. (4)-H). 3.70^ of 2H. m, S-CH^. 3 .TOfl-fe of J* m ; f 
SSL m. 4--H). 3.620H. m. (2)"-H, 3.62(1H. m. (5)^ 3.51 (IK t 3 -H). 3.28(1H, t. 

J=7.9H Z . 2--H). 1 09(H3 of 3H. d, J=6.7Hz. (Sy-CHa). 1 .07(14, of 1 H. d. J=6.7Hz, 5 -CH3). 

45 Saccharide composition. 

L-fucose unsaturated D^lucuromc acti : glucuronic acrt : D-mannose = 2:1:1.2 (two L-fucose mdecules. 
iwoS^nnose molecules, one unsaturated D-glucuron,c aad molecule and one D-glucuron,c acd molecule) 

50 Sulfate: 

two molecules (at the 3-positon of each L-fucose). 

The peaks in 1 H-NMR are assignee respectively to the posrt.ons shown by the numencal values in the following 
55 formula (VI): 
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CH 2 OH 




(VI) 



When the stifated-fucose-containing polysacchar.de- U thus obtained is treated with the above-mentoned endofu- 
cortanase elimination occurs as the reaction proceeds and thus the absorbance at 230 nm is increased. All of the mam 
reaction products carry unsaturated hexuronate groups, wh.ch suggests that the obtained sulfated-fucose^ontaming 
oolvsaccharide-U has a sugar cha.n composed of hexuronic add and mannose alternately bonded to each other 
Because of containing fucose as the main construing saccharrie, the obtained sulfated-fiK^e-conta.n.ng polysaccha- 
ride^ is liable to be degraded with aads. compared with common polysaccharides. On the other hand, it is Known that 
the bonds of hexuronic acids and mannose are relatively h,ghly tolerant to acids. In order to identify the hexuronic aod 
in the sugar chain which is composed of hexuronic ackJ and mannose alternately bonded to each otherand contained 
in the sufeted-rucose-containing polysaccharide mixture originating in Kjellmaniella crassioha. the method described 
in Carbohydrate Research. 125, 283 - 290 (1984) was used as reference in the following manner. First, the sutfated- 
fucose^ontaming polysaccharide m.xture ,s dissolved in 0 3 M oxalic acid and treated at 100«C for 3 hours. Then , .s 
, t rv t < ..v^looilT woirjW nf T 00n or mnrr are combined men it is 
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apparatus 
column 
eJuent 
detection 



freezes and hydroryzed wrth 4 N hydrocNonc add. After ac^ng frepH^e £8 it is pyndyi-(2)-aminated and 
uronic acd is analyzed by HPLC. The HPLC is performed under the foltowmg cond-tons. 

Model L-6200 (mfd. by Hitachi, Ltd.); 

PALPAK Type N (4.6 mm x 250 mm, mfd by Takara Shuzo. Co.. Ltd.). 
200 mW acetic acid-triethylamine buffer (pH 7.3) : acetonitrile = 25 .75. 
Fluorometric Detector F-1 150 (mfd. by Hitachi. Ltd.), excrtafon wavelength. 320 nm. fluorescent 
wavelength: 400 nm; 
flow rate 0 8 rrf/min; 

w column temperature 40°C 

""T, Si^SdS! L ,^00,0 aod aionn la conned ,a .» heau.on,c add in M W *ain in *a 

that the glucuronic acid is a dextrorcXatory one. i.e.. D-glucuron.c aad rrasstofa « treated with 

Further, the suHated-fucose-comain.ng poiysacu w. ™ n.«u, e » ~». •» ••• ■ - - 

chemical shrft of the methyl group in tr.ethylam.ne as 1.13 ppm, while those in C-NMR are expressed Dy g 
chemical shrft of the methyl group in triethyiamine as 9.32 ppm. 

35 1 H-NMR(D20) 



3.68(1 H, m, 
3.25(1 H. t. J=8.5Hz. 2"-H) 



40 



13 C-NMR (D 2 0) 

5 175 3 (C of 5-COOH). 102.5(1-0. 99.6(1-C). 78.5(2-C). 77.9(4'-C). 77.0(3-C). 76.7(S-C). 73.9(50. 73.7(2 -C). 



50 



55 
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Regaling the conf^abon at the 1-position of the D-glucuronic acid, it is identified as p-D-glucuron.c add 
^n^TX2^^ C the D-mannose, i * id^fied as a-D-r^rose because of *s 

^bt^rTo^ 

v _ — ^ „^ ov/ , , a i_i a — tv^ie aro omrJru/pri in the assianmerrt in H-NMR while the 

bond detection metnoa. ineuwr-woionunuim.....*. r ->-- 

HSQC method is employed in the assignment in 13 C-NMR. 

In the HMBC spectrum, crossed peaks are observed between 1-H and 4-C wrth between 4-H I and 1-C. and 
between V-H and 2^ between 2-H and 1-C. These fads indite that D-g.ucose is bonded to the 2-posmon of D- 
mannose via a p-bond while D-mannose is bonded to the 4-position of D-glucuronic aad vra an a-bond 

eTtafdng the above^enboned results together into consideration, rt is ™eaiedthat the compound jas a su- 
ture wherein unsaturated D-glucuronic acid and L-fucose having a suHate group bonded thereto are bonded to D-man- 
n^LtnS is the reducing end; the compound (b) has a strudure wherein unsaturated 0*™™** and L^fucose 
sulfate groups bonded thereto are bonded to D-mannose which is the reducing end and has a suHate group 
Ste^TanS thrcorrpound (c) has a structure wherein D^lucuronic add and L-fucose havrngasuHate group 
£SS bondSTo-m^iose which is the redudng end. and to mis D-g.^ur on* add ,s bonded IDnrnarv 

SeTnd. in turn, to this D-mannose are further bonded unsaturated D-glucuronic ac« and L-fucose havmg a sulfate 

^TTSs^Sove, the obtained sulfated-fucose^ining polysaccharide-U has a structure wherein D-du- 
curontacTand D-mannose are alternately bonded to each other and L-fucose is bonded to at least one Djnannose. 

^o TlTa partal structure represented by the foltowing genera, formula (VIII) wherem at least one of alcohd-c 
hydroxyl groups has been sulfated and n stands for an integer of 1 or more: 
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As such the sulfated-fucose<ontaining polysaccnaride-U, which is separated rrorn^e suHated^u^e-c^n ^ 
potysaSde-F of the present invention and purified, is provided. The ^^ f ^ C °^?^ C ^^ 
ESSE present invention contains uronic add as rts constituting saccharkie and . degraded ^e ^anase 
pToSced by pLobacterium sp. SA^082 (PERM BP-5402) to thereby give at least one comp^nd sel^i^om *ose 
Presented by the above formulae (I). (II) and (III). The sulfated-fucose-conta.n.ng polysaccharrie-U to be used .n the 
%ZZ£!mZ restricted in the molecular weight, molecular weight distribution or -«^de c^jon. 
NameTy sulfated-fucose-containing po.ysacchar.de-U having arbitrary mo.ecular we.ght and molecular we,ght d s*bu- 
Sy^eSSared and sulfated ?fucose^ntaining polysaccharides having definitely clantied physKOChemcal prop- 

^^^st^i-fucose^ontaining polysaccharide^ « chem^ly. pbys*a>ly or enzymaticaily treated. 
de^product can be prepared and the oligosaccharides having, for example, the above formulae (I). (II. and (III) 

tion have/has high affinity to virus and. when such sulfated-fucose^onta-n.ng polysaccha «fi^£Z%£ 
product(s) thereof are/.s utilized as a carrier tor adsorption of virus, punf .cation and removal of vrus can be easily and 

^A^racSStion of virus which contains suHated-fucose-containing polysaccharides) and/or degradation 
prod^L^Cb^nything so far as it contains an effective amount of tine ^^^^ ^ e 
Lridels) and/or degradation product(s) thereof arri any v,rus-adsorbing earner may be prepared depend,ng upon the 

^Ren^^purHication of v,rus can be conducted eas.ly and conveni^ly when the virus ^"g ^r^- 
tacted I wTa sample containing virus so that des,red virus is adsorbed wrth the ^^^f^^'f*^ 
ncitj^aVoTSradation product(s) thereof and then the sulfated-fucose-containing polysacchande(s) and/or 
eSdati^St^ thereS are/"* selectively fractionated. In fractionating the ^ <^TT° 
cSs^rSS degradation product(s) thereof after absorb.ng the v.rus, the above mentioned fractionating method 
^et faS^Se-corrtaining polysaccharides) and/or degradation produces) thereof may be used for example 
Z a result of fractionation of me sulfated-fucose-containing polysaccharides and degradation products from *e sam- 
1 as^cn removal virus from the sample is achieved. When purifkaior. of virus is an object, the adsorbed^ v,rus ,s 
eluted^J reeled by an appropriate method from the fraction su.fated-fucose^onta.n.ng polysacchande(s) 

•^SSgtt'S^ of vrus according to the present invention may be a su^^sU- 
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sulfeted-fucosfrcontaining polysaccharides) and/or degradation produces) thereof arefe used, then the virus- 
adsorbed sulfated-fucose<ontaining potysaccharide(s) and/or degradation produces) thereof can be recovered on an 
avidin-immobilized carrier. In modifying the suHated-fucose^ontaining polysaccharide(s) and/or degradation produces) 
thereof known chemical or enzymatic modifying method may be used. 

On' the other hand a earner for adsorption of virus can be prepared by immobilizing the suffated-fucose-containing 
polysaccharides) and/or degradation product(s) thereof on a earner. The carrier for adsorption of virus prepared bythe 
use of insoluble carrier can be used for purification and removal of virus in liquid sample, air. etc. without a special frac- 

tona^c^eratcxv^^ Hmilatk)n ^ m ^ for immobilization of sulfated-fucose-containing polysaccha- 

rides) and/or degradation produci(s) thereof and. for example, carrier in a form of ge! or particles may be used^As to 
the carrier in a form of particles, porous one where surface area of the particle is big is suitable. A support in a form of 
thin film or hollow fiber may be used as a carrier for immobilization. Materials of the earner used for immobilization may 
be suitably selected, depending upon the object and method of use, from polysaccharides such as agarose, cellulose 
and dextran, synthetic polymers such as polyacrylamide. acrylic acid polymer, styrene<iivinylbenzene polymer and 
potymethacrylate. and inorganic polymers such as silica gel and glass. 

Immobilization of surfated-fucose^ontaining polysacchande(s) and/or degradation product(s) thereof may be con- 
ducted by a common method [refer, for example, to "Shin Seikagaku Jikken Koza - TampakushHsu l(New BKX*erncal 
Experiment Practice - Protein I)" 227 - 237 (1990); published by Tokyo Kagaku Dojin] depending upon the type of the 
carrier used and, when polysaccharide gel, for example, is used as a carrier for immobilization, it is conducted by such 
a manner that the introducing group of the polysaccharide gel is subjected to a covalent bond to a functional group of 
the sulfated-focose-containing polysaccharide^) and/or degradation produces) thereof. 

In immobilization of the sdfated-fucose-containing polysaccharides) and/or degradation produces) thereof in 

., . • i j — i - noi hai/inn an infrnrlijcina arouD which is suitable for btnd- 

DOlVSaocnariue yet, u o i ieueaa*u j vj " ~. — 3 — » -- , ..... , r 

ing to a functional group in sulfated-fucose-containing potysaccharide(s) and/a degradation product(s) thereof. For 
example when a carboxyi group existing in suffated-fucose-containing polysaccharides) and/or degradafon produces) 
thereof is utilized, a polysaccharide gel having ^aminoalkyl group or thiol group is used or. when a hydroxy! group is 
utilized a polysaccharide gel having epoxy group is used where an immobilization can be conducted. When a polysac- 
charide gel has no appropriate introducing group, it may be used for immobilization after adding a suitable introducing 

9r ^ e vrims-adsorb.ng carrier where the sulfated-fucose<ontaining polysaccharide(s) and/or degradation product(s) 
thereof are/is immobilized to the carrier by means of covalent bond as such is stable both physically and chemically and. 
during the adsorption of virus and/or during the elution of virus, detachment of the sulfated-fucoseKXintaining polysac- 
charide(s) and/or degradation produces) thereof info the sample is not observed. Therefore, sa-d earner can be well 

.i<«*1 tor trie manufacture of. for example, pharmaceuticals without difficulty. 

35 Purification or removal of virus can be conducted using a virus-adsorbing carrier containing the sunatea-rucose- 
containing polysaccharides) and/or degradation produces) thereof prepared as mentioned above, ^^esrithe 
virus-containing sarrple applicable to the method of the present invention are supernatant fluid of cultured cells infected 
by virus or disrupted cells thereof, substances in living body such as blood and serum, pharmaceutical agent and hquri 
sarrple such as drinking water, ft is also possible to remove the virus floating in gas such as air by the method of the 

40 present invention. . 

The virus-adsorbing carrier of the present invention has a binding ability to various viruses and rt is possible to 
purify or remove viruses such as retrovirus, adenovirus, adeno-assocated virus (AAV), influenza virus, herpes virus 
and baculovirus by the method of the present invention 

As such the virus-adsorbing earner containing the sulfated-fucose-containing polysaccharides) and/or degrada- 
45 ton product(s) thereof according to the present invention ,s useful as a earner for removal or for purrf, cation of virus 
The method of the present invention is useful as a process for purification of virus and rt achieves an effect when 
highly pure virus is needed with an object of research or for the manufacture of vaccine. In the case of a sample where 
concentration of virus is low, this method is ,mportant as a means for concentrating the virus. In addrbon, when contam- 
ination wrth virus is not desirable such as ,n the case of pharmaceuticals or reagents for research such as a medium 
so used for the culture of ceils, the method uf ihe present invention can be utilized for removing the virus Further. ,n detect- 
ing the virus, sensitivity of the detection can be improved by combining with a concentrating operation of virus utilizing 
the method of the present invention. 

In the detection of virus in a sarrple, the biggest factor for deeding the sensrtivity is the concentration of virus in the 
sarrole When the present invention is utilized, detection of virus in higher sensitivity as compared with the conventional 

' ..... i i i „ , .,~ -.rlrrt/Kinn /-amor ni tn a 
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methods is possible Thus, after the virus to be detected in a sample is caught on a virus-adsorbing earner of the 
present invention the earner itself is or. after toe virus on the earner is recovered by means of an suitable operator! ,t 
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sues blood and urine, various samples such as pharmaceuticals, food, drinking water, drained water, air or others in 
natural environments may be subjected to the method of the present invention. Moreover, there is no particular limita- 
tion for the method of detection of virus and a method where an antibody which recognizes the virus to be detected is 
used a method where nucleic acid in the virus is detected, etc may be appropriately selected and used For example, 
after gargling with a solution containing the virus-adsoroing carrier of the present invention, the virus-adsorbed earner 
is recovered from the gargled liquid and then said carrier itself or virus sample eluted and concentrated from the earner 
is used tor the virus detecting operation whereupon the presence/absence and the amount of the virus in mouth can be 
checked 

Purification of virus, e.g. purification of virus in a liquid sample by a column chromatography using a virus-adsorb- 

nniv^r^haririp^^ and/or deoradation produces) 
ing carrier piepaieu uy imrnooMzing mc ou.iuiv^ •«* » k^j » ' 

thereof in polysaccharide gel, may be conducted as follows. First, a column filed with the above carrier is prepared and 
then the column is equilibrated with a suitable initiation buffer. Then the sample containing the virus is loaded in the 
above column and the substances which are not adsorbed are washed out using an initiation buffer or the like. If nec- 
essary the column is washed by changing the composition of the buffer under the condition where the adsorbed virus 
is not eluted whereby the adsorbed things other than virus can be reduced. After that, a suitable eluting operation such 
as the use of buffer containing high concentration of salt is conducted to recover the virus in an eluate. Virus -adsorbing 
carrier in a form of gel or particles can be used in other methods than the above column chromatography such as puri- 
fication by a batch method. In addition, the virus -adsorbing earner prepared from a support in the form of thin film or 
hollow fiber can be used by a method suitable for each of the carriers such as after attaching to a suitable device. 

The method for the purification of virus according to the present invention makes purification and removal of virus 
in a simple and easy manner and also under the state near the physiological condition. 

As conventional methods for purification of virus, a precipitating method using polyethylene glycol or ammonium 
: r4 m^H^H inwuorinn rrf interim ahilrrv of virus is a bia problem and, especially in hemor- 

duikiic 10 awaiicu^t-. i^vi, ■• < i j - -» ' -■ 

magic fever with renal syndrome (HFRS) virus, infecting ability is entirely lost Methods for purification of virus by means 
of ultracentrrfugation or ultraf liter have been known as well but operations are complicated in said methods and rt is una- 
voidable that infecting ability is lost to some extent. In the method of the present invention however, purification and con- 
centration of virus are possible without inactivation of the virus in the sample and this method is useful in the 
manufacture of and in conducting investigations of virus. 

As to a carrier for chrc>matc>graphy applicable to purification of virus, sulfated cellulose has been known to be appli- 
cable for purification of Japanese encephalitis virus (Japanese Examined Patent Publication No. 33879/1987), influ- 
enza virus (Japanese Examined Patent Publication No. 30752/1987), hydrophobia virus (Japanese Examined Patent 
Publication No. 30753/1987), retrovirus (U. S. Patent 5,447,859), adeno-assoaated virus [Human Gene Therapy, 7, 507 
- 513 (1996)], etc. However, as shown in the following example, the virus-adsorbing carrier has a high virus-adsorbing 
capacity as compared with sulfate cellulose. Moreover, when the adsorbed amount of retrovirus per surfate group exist- 
ing on the carrier is compared, the virus-adsorbing carrier of the present invention is better than the surfate cellulose. 
Accordingly, when the virus-adsorbing carrier of the present invention is used, rt is now possible to conduct purif .cation, 
concentration or removal of virus more efficiently. Further, although adenovirus is not adsorbed with surfate cellulose 
[Bio/Technology, 11 1 73 - 1 78. (1 993)], the virus-adsorbing carrier of the present invention exhibits an adsorbing ability 
even to adenovirus and can be applied to virus species of broader ranges. 

In addition when the virus-adsorbing earner of the present invention is used, contaminated virus can be removed 
without deteriorating the effective components in the sample whereby said carrier is useful especially in the manufac- 
ture of pharmaceuticals. 

Examples: 

The present invention will be further illustrated by way of the following examples although the present invention is 
never limited by and the those examples. 

Referential Example 1 

Extraction of sulfated -fucose-corrtaining polysaccharide mixture of Kjelimantella carssifoiia: 

2 kg of thoroughly dried Kjellmaniella crassifolia was ground with a free mill (mfd. by Nara Kikai Seisakusho). The 
dry powder thus obtained was suspended in 9 I of 80% ethanol and treated at 80°C for 2 hours. Then the mixture was 
tittered through a filter paper to thereby give the residue This residue was repeatedly washed wrth ethanol and filtered 
thrice m the same manner as described above to thereby grve the residue after ethanol -washing This residue was sus- 
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polysaccharides of Kjellmaniella carssifolia. 
Referential Example 2 

Purification of suffated-fucose-corrtaining polysaccharide mixture of Kjellmaniella carssifolia: 

To the filtrate obtained in Referential Example 1 was added 5% cetylpyridinium chloride until no precipitates were 
formed any more Then the precprtates were collected by centrifugation and suspended in 3 1 of a 0.4 M aqueous solu- 
tion of sodium chloride followed by centrrfugation and washing. After repeating this washing procedure thnce. 1 1 of 4 M 

aqueous solubon ot sooium cnioriae was auueu to me ^eopnaio o,~ o.^ ...jol..^ 

added thereto so as to give a concentration of 80% and the mixture was stirred and centrifuged to thereby give the pre- 
cipitate The obtained precipitate was suspended in 80% ethanol and centrifuged. These procedures were repeated 
until the absorbance ot the supernatant at 260 nm reached 0. The precipitate was dissolved in 3 I of a 2 M aqueous 
solution of sodium chlonde. After removing the insoluble matters by centrifugation, 100 ml of DEAE-Cellulofine A-800 
(mfd by Seikagaku Kogyo) equilbrated with a 2 M aqueous solution of sodium chlonde was added thereto and stined. 
Next the resin added above was removed by filtration. The filtrate was fed into a DEAE-Cellulofine A-800 column equil- 
ibrated with a 2 M aqueous solution of sodium chloride and the unadsorbed fraction was subjected to ultrafiltration by 
using an ultrafilter provided with a hollow fber of exclusion molecular weight of 100,000 or less to thereby completely 
eliminate the coloring matters and sodium chloride. Next the insoluble matters were eliminated by centrifugation and 
filtration followed by freezfrdrying. The freeze-dried suffated-fucose-containing polysaccharide mixture weighed 90 g. 

Referential Example 3 

Method for production of suttated-fucose- containing polysaccharide- F: 

1 2 g of the sulfated-fucose-containing polysaccharide mixture obtained in Referential Example 2 was weighed out 
and dissolved in a 1 5 M solution of sodium chloride in such a manner as to give a final concentration of 0.2%. Next, 
1 25% of cetylpyridinium chloride in a 1.5 M sodium chloride solution was added thereto until no precipitates were 
formed any more Then the precipitates were collected by centrifugation and suspended in 500 ml of a 1 .5 M aqueous 
solution of sodium chloride followed by centrifugation and washing. After repeating this washing procedure thnce.1 1 of 
a 4 M aqueous solution of sodium chloride was added to the precipitate and the mixture was well stirred. Then ethanol 
was added thereto so as to give a concentration of 80% and the mixture was stirred and centrifuged to thereby give the 
precipitate The obtained precipitate was suspended in 80% ethanol and centrifuged. These procedures were repeated 
, pM ihP absorbance of the suoernatant at 260 nm reached 0. The precipitate was dissolved in 500 ml of a 2 M aqueous 
solution of sodium chloride. After removing the insoluble matters by centrifugation. 1 ml of DEAE-Cellulof.ne A-800 
(mfd by Seikagaku Kogyo) equilibrated with a 2 M aqueous solution of sodium chloride was added thereto and stined. 
Next the resin added above was removed by filtration. The f iHrate was fed into a DEAE-Cellulofine A-800 column equil- 
ibrated with a 2 M aqueous solution of sodium chloride and the unadsorbed fraction was subjected to ultrafiltration by 
using an ultrafilter provided with a hollow fber of exclusion molecular weight of 100,000 or less to thereby completely 
eliminate the coloring matters and sodium chloride. Next, the insoluble matters were eliminated by centrifugation fol- 
lowed by ultrafiltration and freeze-drying. The freeze-dried suHated-fucose-containing polysaccharide- F weighed 710 
mg. 

Referential Example 4 

Method for incubative purification of sulfated fucose-contaming polysacchande-F: 

The sulfated-fucose-containing polysaccharide mixture obtained in Referential Example 2 is a mixture of two types 
of sulfated-fucose-containing polysaccharides. 60 g of this mixture was we.ghed out and dissolved in 20 I of artificial 
seawater Next 200 g of peptone and 4 g of yeast exttact were added thereto. After feeding into a 30 I |ar fermenter and 
sterilizing it was inoculated with the above-mentioned Flavobaclerium sp. SA-0082 (FERM BP-5402), described in 
WO96/34004 which was then incubated at 25°C for 24 hours. After centnfuging to thereby eliminate the cells, the cul- 
ture medium was ultrafiltered with an ultrafilter provided with a hollow fber of exclusion molecular weight of 100.000 or 
less After completely removing low-molecular weight substances, the insoluble matters were eliminated by centrifuga- 
tion and filtration followed by freeze-drying. The freezedned surfated-fucose-containing polysaccharide weighed 36 
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Referential Example 5 

Fractional purification of sulfated-fucose-comaining polysaccharide-U and sulfated-fucose^xxitaining poiysacchande- 

F: 

The freeze-dried suifated-fucose^ontaining polysaccharide mixture (7 g) mentioned in Referential Example 2 was 
weighed and dissolved in 0.2 M calcium chloride. Then, the solution was treated with a column of 4,000 ml of DEAE- 
Sepharose FF (mid by Pharmacia) equilibrated with 0.2 M calcium chloride, well washed with 0.2 M calcium chloride 
and eluted with sodium chloride with a g/adient of 0 to 4 M. Among the ekrted fractions, those where sodium chloride 

. _ n i A n o u MurM-ft /-rji^qr* HocaitoH hw mMrK nf dwlv?uf; and freeze-dried to arve 2.1 q of sul- 

fated-fucose-containing polysaccharide- U which was separated from surtated-fucose-containing polysaccharide- F. 

Further, among the above eluted fraction, those where sodium chloride concentrations were 0.9 to 1.5 M were col- 
lected, desalted by means of dialysis and freeze-dried to give 4 7 g of surfated-fucose-containing polysaccharide- F 
which was separated from surfateo^fucose-containing polysaccharide- F. 

Referential Example 6 

2 kg of thoroughly dried Kjelfmaniella crassdolia was ground with a free mill (mfd. by Mara Kikai Setsakusho). The 
dry powder thus obtained was suspended in 9 I of 80% ethanol and treated at 80 °C for 2 hours. Then the mixture was 
filtered through a filter paper to thereby give the residue. This residue was repeatedly washed with ethanol and filtered 
thrice in the same manner as described above to thereby give the residue after ethanol -washing. This residue was sus- 
pended in 36 1 of a 0.2 M solution of calcium acetate, treated at 95°C for 2 hours and filtered. The residue was washed 
4{ of a 0.2 M solution of calcium acetate to therehy qivr 36 1 of an extract containing the surfated-fucose-containing 
polysaccharides of Kjellmantella carssi folia. 
25 This titrate was concentrated to 2 I with the use of an literfilter provided with an ultrafiltration membrane of exclu- 
sion molecular weight of 100.000. Next, sodium chloride was added thereto so as to give a final concentration of 1 .5 M. 
Further. 5% cetytpyridinium chloride was added thereto until no precipitates were formed any more. Then the precipi- 
tates were removed by centrrfugation and the supernatant thus obtained was concentrated to 1 I by ultrafiltration. After 
adding 4 I of ethanol. the precipitates thus formed were collected by centrifugation. To this precipitate was added 100 
mi of a 4 M aqueous solution of sodium chloride followed by stirring well. Then ethanol was added thereto to give a con- 
centration of 80% and the mixture was stirred and centrifuged. The obtained precipitate was suspended in 80% ethanol 
and centrifuged. These procedures were repeated until the absorbance of the supernatant at 260 nm reached 0. The 
precipitate was dissolved in 2 I of a 2 M aqueous solution of sodium chloride. After removing the insoluble matters by 
centrifugation, 50 ml of DEAE-Cellulofine A-800 (mfd. by Seikagaku Kogyo) equilibrated with a 2 M aqueous solution of 
sodium chloride was added thereto and stirred. Next, the resin added above was removed by filtration, i ne filtrate was 
fed into a DEAE-Cellulofine A-800 column equilibrated with a 2 M aqueous solution of sodium chloride and the unad- 
sorbed fraction was subjected to ultrafiltration by using an ultraf ilter provided with a hollow fber of exclusion molecular 
weight of 100,000 or less to thereby completely eliminate the colonng matters and sodium chloride. Next the insoluble 
matters were eliminated by centrifugation and filtration followed by f reeze<if ying. The freeze-dried sulfated -fucose-con- 
40 taining polysaccharide-U weighed 1 5 g. 

When treated with the above-mentioned endofucoidanase, this sulfated-fucose-contai ni ng polysaccharide-U was 
deojaded to thereby give the oligosaccharides represented by the above formulae (I). (II) and (III). 
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Example 1 

Preparation of FF-Cellulofine: 

The sulfated-fucosecontaming polysaccharide -F (840 mg) mentioned in Referential Example 3 was added to 80 
ml of a reaction solution (0.2 M phosphate buffer, pH 7.0, 0.01 M NaCI) contajning 500 mg of NaCNBH 4 together with 
50 g (wet weight) of Ammocellulof ine (Sakagaku Corporation) and a condensation reaction was conducted at 60°C for 
60 hours. The resulting reaction product was washed with pure water, 80 ml of a reaction solution (0.2 M phosphate 
buffer, pH 7.0, 0.1 M NaCI) containing 420 mg of glucose and 210 mg of NaCNBH 4 was added thereto and a conden- 
sation reaction was conducted at 60°C for 60 hours. The resulting reaction product was washed with 3 M NaCI and then 
with pure water. Hereinafter, this reaction product will be referred to as FF-Cellulofine. 

The above FF-Cellulofine contained 33 umol/ml of sulfate group. 
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Example 2 

(1) Preparation of supernatant liquid of virus: 

5 The supernatant liquid containing recombinant retrovirus derived from mouse leukemia virus was prepared as fol- 

lows. GP+E86 productive ceils (ATCC CRL-9642) containing retrovirus pi asm id PMSneo vector [Experimental Hema- 
tology, 23, 630-638, (1995)] were incubated in a Dulbecco-modrfied Eagle's medium (DMEM; mfd. by JRH Bioscience) 
containing 10% of fetal carf serum (FCS; mfd. by Gibco), 50 unts/ml of penicillin and 50 ng/ml of streptomycin (both 
mid. by Gbco). All of the DMEM used in Examples 2 to 4 contained 50 units/ml of penicillin and 50 fig/ml of streptomy- 

w an. Virus-containing supernatant liquid was prepared by adding the DMEM containing 1 0% of FCS to a plate where the 
above-produced ceils were grown semiconfluerrtiy and by incubating overnight followed by collecting the supernatant 
liquid therefrom. The collected supernatant liquid of the medium was filtered through a filter of 0.45 jim (mfd. by Milli- 
pore) to give a supernatant liquid of retrovirus and it was stored at -80°C until use. 

Trier of the virus was measured by a standard method [Journal of Virology. 1 1 20 - 1 1 24, (1 988)] using NIH/3T3 

15 cells (ATCC CRL-1658). Thus, DMEM containing 2,000 NIH/3T3 celte was added per well of a six-weil tissue culture 
plate, incubation was conducted for one night and then sequentially-diluted supernatant liquid of virus and hexadimeth- 
rine bromide (Polybrene, AJdrich) with a f inal concentration of 7.5 ng/ml were added to each of the wells. This was incu- 
bated at 37°C for 24 hours and then the medium was exchanged wrth that containing G418 (final concentration being 
0.75 mg/ml; mfd by Gibco) followed by continuing the incubation. The grown colonies of G41 8- resistant (04180 coio- 

20 nies after 1 0 to 12 days were dyed with Crystal Violet and the numbers were recorded. Based upon the colony numbers 
in each well and the rate of dilution of the supernatant liquid of virus added thereto, numbers of the infectious particles 
(cfu/ml) were counted and the titer was determined. 

(2) Purification of retrovirus using FF-Cellulofine: 

25 

FF-CeJIulofine (3 ml) prepared in Example 2 was deaerated and filled in a disposable column (Sepacol Mini; mfd. 
by Seikagaku Kogyo) to prepare a column having a bed volume of 3 ml. The column was well equilibrated with PBS 
(phosphate-buffered saline solution) and then 3 mi of the supernatant liquid of the retrovirus prepared in Example 1 was 
applied to the column. After that, the column was washed with 30 ml of PBS and successively treated with 15 ml of elut- 

30 ing buffer A (PBS containing 360 mM of NaCI), 15 ml of eluting buffer B (PBS containing 860 mM of NaCI) and 15 ml of 
eluting buffer C (PBS containing 1860 mM NaCI) to elute the adsorbed substances. Each 3 ml of the eluate from the 
column was fractionally collected including that upon application of the supernatant liquid of the virus. 

Absorbances of the fractionally collected eluates were measured at 280 nm and, at the same time, amounts of the 
virus contained therein were determined. In determining the amount of the virus, a method for the measurement of titer 

35 of virus mentioned in Example 1 was used. From the fractionated eluates was taken 200 \i\ and to this were added 800 
y.1 of DMEM and hexadimethrine bromide (final concentration being 7.5 ng/mf) This was used as a substitute for the 
sequentially diluted supernatant of the virus and the same operation as before was conducted to check the numbers of 
the G41 8 resistant colonies appeared thereby. 

The result is shown in Fig. 1 . Most of the substances having an absorption at 280 nm contained in the supernatant 

40 liquid of the virus were eiuted immediately after addition to the column while most of the virus was eluted at the stage 
when elution was conducted using an eluting buffer A. This shows that virus is specifically adsorbed with FF-Cellulofine 
column and, as a result thereof, virus can be separated from many contaminants in the sample. 

(3) Comparison of adsorbing ability of retrovirus by FF-Cellulofine and sulfated Cellulofine: 

45 

Comparison of the properties of FF-Cellulofine and sulfated cellulose was conducted by the operation as men- 
tioned below. Sulfated Cellulofine (mfd. by Seikagaku Kogyo) was used as a sulfated cellulose. This sulfated Cellulofine 
had 8 jimol/ml of sulfate group. 

Retrovirus as mentioned in Example 2 - (2) was purrfied using each of FF-Cellulof me and sulfated Cellulofine. Elut- 

50 ing operations using an eluting buffers B and C were omitted. The result is shown in Fig 2. When FF-Cellulofine column 
was used, no virus was detected in an unadsorbed fraction (just passed-through fraction and an eluted fraction upon 
washing with a PBS) while, in sulfated Cellulofine, leakage of virus was noted in this fraction. Amount of virus recovered 
by the eluting buffer A after being adsorbed with the column and the recovered amount of virus per sulfate group 
present in both carriers are shown in Tabie 1 . The data by FF-Cellulofine was better than those by sulfated Cellulofine 

55 in the comparison of both of the total recovered amount of virus and the recovered amount of virus per sulfate group. 
This means that FF-Cellulof me exhibrts higher retrovirus-adsorbing capacity than sulfated Cellulofine. 
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Table 1 



Carrier: 


FF-Cellukrfine 


Sulfated Cellule* ine 


Amount of recovered virus 

Amount of recovered virus per sulfate group 


2250 cfu 
22.7cfu/^imoi 


185 cfu 

1 1 9cfu/nmoi 



Example 3 

(1) Preparation of recombinant adeno- associated virus: 

Recombinant adeno-associated virus containing lacZ gene of Escherichia coli as a reporter gene was prepared in 
accordance with the operations as mentioned below. There are two Xbal sites derived from vector (pA1 1 P) in a plasmid 
pAV1 containing a full length of adeno-assoaated virus (AAV) [ATCC No. 37215; cf. Gene. 22, 65 - 73, (1983)]. First, in 
order to remove them, pAV1 was digested with Xbal (mfd. by Takara Shuzo Co.. Ltd.), the end was made blunt using a 
DNA blunting kit (mfd. by Takara Shuzo Co.. Lid.) and selMigation was conducted using a ligation kit (mfd. by Takara 
Shuzo Co., Ltd.). Xbal linker was introduced into the resulting recombinant plasmid (wherefrom Xbal- Xbal small frag- 
ments derived from pA1 1 P were removed) so that the domain coding for the protein on AAV genome and the terminal 
sequence are easily separated. Thus, the above plasmid was partly digested with Ncol (mfd. by Takara Shuzo Co., Ltd.) 
and mixed with Xbal linker having a base sequence as shown in SEQ ID NO:1 in the Sequence Listing to conduct a 
ligation. Amonq the resulting plasmas, that wherein the above-mentioned linker was inserted into an Ncol site existing 
in a position of 4481st base from the 5'-end of the AAV genome was selected, and this plasmid was further subjected 
to a partial digestion with Avail (mfd. by Takara Shuzo Co., Ltd.) and mixed with Xbal linker consisting of oligonucleotide 
having a base sequence as shown in SEQ ID NO:2 and NO:3 in the Sequence Listing to conduct a ligation. Among the 
plasmids prepared as such, that where the above-mentioned linker was inserted into an Avail site existing at the posi- 
tion of 190th base from the 5*-end of the AAV genome was selected. The plasmid prepared as such wherein two new 
Xbal sites were inserted was named pAV1x 

The plasmid pAV1x was digested with Xbal and subjected to an agarose gel electrophoresis to recover each of a 
DNA fragment of about 4 3 kb containing a domain coding for the protein derived from AAV genome and another DNA 
fragment of about 4.4 kb containing an AAV terminal sequence from the gel. 

Plasmid vector pCMVp (mfd. by Clontech) was digested with EcoRI and Hindlll (both mfd. by Takara Shuzo Co.. 
Lid.) and subjected to an agarose gel electrophoresis to recover an DNA fragment of about 4.5 kb containing SV40 poly 
A signal, E. coii lacZ gene and CMV (cyiornegaiovirus) immediate early promoter. Each of ends of said fragment and 
the DNA fragment of about 4 4 kb derived from the above pfasmid pAV1 x was blunted using a DNA blunting kit and then 
they were mixed to conduct a ligation whereupon a recombinant plasmid was prepared. Said plasmid was named AAV 
vector plasmid 

In the meanwhile, plasmid vector pUCl8 (mfd. by Takara Shuzo Co.. Ltd.) was digested with Xbal and mixed with 
the above DNA fragment of about 4.3 kb derived from plasmid pAV1x to conduct a ligation whereupon a recombinant 
plasmid was prepared. Said plasmid was named AAV helper plasmid. 

(2) Preparation of supernatant liquid of adeno-associated virus: 

AAV vector plasmid and AAV helper plasmid were introduced into 293-cells (ATCC CRL-1573) infected with human 
adenovirus type 5 (ATCC VR-5) by means of a calcium phosphate method. The cells were incubated for 2-3 days in 
DMEM containing 10% of FCS and centrifuged to recover the supernatant liquid. The supernatant liquid was filtered 
through a filter of 0.45 \im (mfd. by Millipore). heated at 56°C for 30 minutes to inactivate the contaminating adenovirus 
and was used in the following experiments as a supernatant liquid of adeno-assoaated virus. 

Titer of virus of the supernatant liquid of adeno-associated virus was measured by the following operations. A col- 
lagen-coated 24-well plate (mfd. by Iwaki Glass) was used and incubation was conducted after adding 15,000 of 293- 
cells and DMEM containing 1 0% of FCS to each well. On the next day, the medium was removed. 0.5 ml of DMEM con- 
taining 10% of FCS and 0.1 ml of sequentially-diluted supernatant liquid of virus were newly added and incubation was 
conducted at 37°C for one night. The medium was removed from the plate, washed with PBS and allowed to stand at 
room temperature for 30 minutes after adding 0.5% of glutaraldehyde solution to fix the cells. The plate was washed 
with PBS and allowed to stand at 37°C for one night wrth an X-Gal solution (0 04% of X-Gal, 5 mM of K 3 Fe(CN) 6> 5mM 
k-.ForrNV nnri nf MnH ^ Numbers of the colls dvori in blue duo to tho activity of -galactosidase coded on 
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of virus added to the well, numbers of the infected particles contained per ml of the supernatant liquid (pfu/ml) were cal- 
culated and defined as the titer of the supernatant liquid. 

(3) Purification of adeno-assodated virus using FF-Cellulofine and sulfated Cellulofine: 

5 

FF-Cellulofine and sulfated Cellulofine were deaerated and each of them was filled in a disposable column (Sepa- 
coi Mini) to prepare a column having a bed volume of 0.5 ml. The column was well equilibrated with PBS (phosphate- 
buffered saline solution) and each 30 ml of supernatant liquids of the above adeno-assodated virus was applied. Then 
the column was washed with 9 ml of PBS and 9 ml of an eluting buffer A (PBS containing 360 mM of NaCl), 9 mi of an 
io eiuting buffer B (PBS containing 860 mM of NaCl) and 9 ml of an eluting buffer C (PBS containing 1860 mM of NaCl) 
were successively added to elute the adsorbed substances. At that time, each 3 ml of the eluates by the eluting buffers 
A to C was collected. 

Amount of the virus contained in the eluate was determined by a method of measuring the titer of adeno-assodated 
virus as mentioned in Example 3 - (2). Incidentally, dilution of each of the eluates was not conducted. In both eluates 
15 with FF-Cellulofine and sulfated Cellulofine, virus was present only in the first fraction of the eluate with the eiuting 
buffer A and numbers of the infected cells in said fraction were 126 and 33 in the case of FF-Cellulofine and sulfated 
Cellulofine, respectively From this result, it is clear that as compared with sulfated Cellulofne, FF-Cellulofine has a 
high adsorbing capacity to adeno-assodated virus. 

20 Example 4 

(1) Preparation of supernatant liquid of adenovirus: 

Supernatant liquid containing human adenovirus type 5 was prepared as toiiows. I hus, tne zya ceil (ATCC CRl- 
25 1 573) incubated to an extent of 50 to 70% confluence in DM EM containing 5% of FCS was infected with human aden- 
ovirus type 5 (ATCC VR-5) and incubated for 2 to 3 days with DMEM containing 1% of FCS to produce virus parti des. 
After completion of the incubation, the recovered 293 cell were disintegrated by subjecting to three cydes of freezing 
and melting and then centrrfuged to recover the supernatant liquid. The resulting supernatant liquid was named a 
supernatant liquid of adnovirus and stored at -80°C until use. 
30 Titer of the virus in the supernatant liquid of adenovirus was measured by means of a plaque assay using the 293 
cell. Thus, a 24-well tissue culture plate was used and incubation was conducted for two days after adding 20,000 (per 
well) of the 293 cell and DMEM containing 5% of FCS thereto. After the wells were washed with DMEM containing 1% 
of FCS, 100^1 of supernatant liquid of virus which was sequentially diluted with DMEM containing 1% of FCS was 
added, incubation was conducted at 37°C for 1 .5 hours to effect the infection and incubation was further conducted by 
35 addition of 1 ml/well of DMEM containing 1% of FCS. After conducting the incubation for 3 to 5 days, numbers of the 
plaques per well were counted under a microscope and, based upon the diluting rate of the supernatant liquid of virus 
added to the wells, numbers of infected part des contained in 1 ml of the supernatant liquid (pfu/mf) were counted and 
used as a titer for the supernatant liquid. The supernatant liquid of adenovirus used in the present invention had a titer 
of 2.4 x 10 9 pfu/ml. 

40 

(2) Adsorption of Adenovirus with FF-Ceilulofine: 

FF-Cellulofine column was prepared by the same method as in Example 2 - (2). The above-mentioned supernatant 
liquid of adenovirus was diluted with PBS to make 1 x 10 5 pfu/ml and 1 ml thereof was applied to the column. Then the 
45 column was washed with 30 ml of PBS and then the substances adsorbed with the column were successively eluted 
with 15 ml of an eluting buffer 1 (PBS containing 860 mM of NaCl) and 15 ml of an eluting buffer 2 (PBS containing 
1,500 mM of NaCl. 

The eluates from the column was divided into fractions of 3 ml each and the numbers of virus part des in each of 
them were counted by a method mentioned in Example 4 - (1) The result was that the unadsorbed fractions Gust 
so passed-through fraction and the eluted fraction by washing with PBS) contained 1 x 10 4 pfu of virus particles whereby 
it was found that 90% of the applied adenovirus was adsorbed with the column. Eluted fractions with the eluting buffers 
1 and 2 contained 2 x 10 4 pfu and 3 x 10 3 pfu of virus particles, respectively. 

On the other hand, a column was prepared using sulfated Cellulofine instead of FF-Cellulofine and the above-men- 
tioned operations of adsorption and elution of virus were conducted. In that case, nearly all of the applied virus was 
55 recovered in the unadsorbed fraction and no adsorption of the adenovirus with sulfated Cellulofine was noted. 
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Example 5 

( 1 ) Adsorption of baculovirus with FF-Cellulof ine: 

Adsorption of Autographa carrfomia rmitinudeocapsid nuclear poiyhedrosis virus (AcMNPV) with the virus-adsorb- 
ing carrier of the present invention was investigated. Fundamental handling operations of the virus were conducted 
according to a method mentioned in "Baculovirus Expression Vector" by O'Reilly et al., published by W. H. Freeman & 
Co.. 1992 

FF-Cellulof ine column of a bed volume of 2 mi was prepared by a method mentioned in Example 2 - (2) and the 
column was equilibrated with 30 ml of PBS. High-trter stock of AcMNPV of a wild type (mfd. by Invitrogen) was diluted 
with SF9001I medium to make 1 x 10 7 pfu/ml and 1 ml of the diluted one was applied to the column. Then the column 
was washed with 1 6 ml of PBS and to eluates from the column was separated into fractions of 4 ml each (being named 
fractions A - D). The column was further washed with 20 ml of PBS and the resulting eiuate was named a fraction E. 
The substances adsorbed with the column were eluted with each 4 ml of PBS containing 200 mM of NaQ, PBS con- 
taining 300 mM of NaCI, PBS containing 400 mM of NaCI, PBS containing 700 mM of NaCI, and PBS containing 1 M 
of NaCI successively Incidentally, 0.2% (final concentration) of bovine serum albumin (BSA) was added to the PBS 
used for the eluting operation. Each of the eluates recovered by the PBS of each NaCI concentrations was named frac- 
tions F to J. Each 2 ml of the fractions A to J was dialyzed agajnst the SF900II medium and filtered through a filter of 
0.2 |im. TC 1 00 medium (3 ml) and Sf9M cells having a cell density of 1 .5 x to 5 celte/cm 2 (from Dr. Deane Mosher, Wis- 
consin University) were added to a well having a diameter of 35 mm and each 1 ml of the above filtrate was added to 
each of the wells followed by incubating. As a positive control, a well to which 1 ml of SF900II medium containing 2.5 x 
10 6 pfu was added and, as a negative control, another cell to which 1 ml of SF900II medium was added were prepared 
followed by subjecting to incubation as well After 4, 7 and 1 1 days, the wells were checked and appearance of plaques 
and also viral infection from the formation of polyhedrin in the plaques were investigated as to the infection of virus. Tne 
result is given in Table 2. In the table, (+) means that virus was infected while ( — ) means that no infection was noted. 



Table 2 



Fractions 


After 4 days 


After 7 days 


After 1 1 days 


A(washed with PBS) 






+ 


B(washed with PBS) 








C(washed with PBS) 








□(washed with PBS) 








E(washed with PBS) 








F (200 mM NaCI) 








G (300 mM NaCI) 






+ 


H (400 mM NaCI) 






+ 


I (700 mM NaCI) 




+ 


+ 


J (1M NaCI) 




+ 




Positive Control 


+ 


+ 


+ 


Negatrve Control 









As shown in Table 2, infection, of virus was noted only in the wells of the fractions I and J after 7 days from the incu- 
bation but, after 1 1days, infection was noted in the wells of the fractions A and G to J From this result, it is clear that 
baculovirus is adsorbed with FF-Cellulof me and that most of baculovirus adsorbed with the column is eluted with the 
PBS containing 700 mM or higher concentrations of NaCI. 

Merit of the Invention: 

As fully illustrated hereinabove, purification or removal of virus can be conducted efficiently according to the 

rvpcprtt irv^ntion and rts utilization in various fields is quite useful 
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inactivation and the present invention is useful in the manufacture of physiologically active substances derived from 
virus such as vaccine and reverse transcriptase and also in the research of virus. 

It is also posskie to remove the contaminated virus without deteriorating the effective components in the sample 
and the present invention is particularly useful in the manufacture of pharmaceuticals such as virus-free blood prepa- 
5 rations. 

rt is further possible to concentrate the virus easily and the present invention is quite useful in the field of diagnosis 
such as detection of virus. 

It is furthermore possible to highly remove the virus in air by the use of the virus-adsorbing carrier of the present 
invention and the present invention is particularly useful in prevention of influenza virus and in preparation of clean air 

w 

SEQ ID NO: 1 
Length: 10 

15 

Type: nucleic acid 
Strandedness : double 
20 Topology: linear 

Molecule Type: other nucleic acid (synthetic DNA) 
Sequence Description: 

CATGTCTAGA 10 
SEQ ID NO: 2 

30 

Length: 7 

Type: nucleic acid 
35 Strandedness: single 

Topology: linear 

Molecule Type: other nucleic acid (synthetic DNA) 

40 

Sequence Description : 

GTCTAGA 7 

SEQ ID NO: 3 
Length : 7 
so Type: nucleic acid 



55 
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Strandedness : single 
5 Topology: linear 

Molecule Type: other nucleic acid (synthetic DNA) 
10 Sequence Description: 

GACTCTA 7 

15 
20 
25 
30 
35 
40 

45 

50 
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w 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: TAXARA SHUZO CO . , LTD 

(B) STREET: 609. TAKENAKA - CHO 

(C) CITY: FUSHIMIKU 

(D) STATE: KYOTO 

(E) COUNTRY: JP 

(F) POSTAL CODE { ZIP) : NONE 

U i) TITLE OP INVENTION : PROCESS FOR PURIFICATION AND REMOVAL OF 
VIRUS 

(ili) NUMBER OF SEQUENCES: 3 

(iv) COMPUTER READABLE FORM: 
15 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

<C) OPERATING SYSTEM: PC- DOS/MS - DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 
20 APPLICATION NUMBER: EP 97904580.4 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP 67514/96 

(B) FILING DATE: 29 -FEB- 1996 



25 



30 



35 



45 GTCTAGA 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 : 
CATGTCTAGA 1 0 

(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

7 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 ba3e pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



65 
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(ii) 



MOLECULE TYPE: other nucleic acid (synthetic DNA) 



(xi) 



SEQUENCE DESCRIPTION: SRQ ID NO: 3: 



GACTCTA 



7 



Claims 



1 . A method for the purification of virus characterized in containing a step where the virus in the virus containing sam- 
ple is adsorbed with sulfated-fucose-containing polysaccharide(s) and/or degradation product(s) thereof. 

2. A method for the removal of virus characterized in containing a step where the virus in the virus-containing sample 
is adsorbed with surfated-fucose-containing polysaccharide(s) and/or degradation product(s) thereof. 

3. A method as set forth in Claim 1 or 2 wherein said sulfated -fucose-corrtaining polysaccharide(s) and/or degradation 
produces) thereof are/is immobilized on a carrier. 

4. A method as set forth in any of Claims l to a wherein said surtated-njcose-containing poiysaccnariae(s) ana/or deg- 
radation product(s) thereof are/is one(s) having the following physiccchemical properties: 

(1) constituting saccharide: substantially being free from uronic acid; and 

(2) substantially incapable of being degraded by a fucoidanase produced by Flavobacterium so. SA-0082 
(FERM BP-5402). 

5. A method as set forth in any of Claims 1 to 3 wherein said virus is selected from retrovirus, adenovirus, adeno- 
associated virus, baculovirus, influenza virus or herpes virus. 

6. A method as set forth in any of Claims 1 to 3 wherein said virus-containing sample is liquid or gas. 

7. A method as set forth in Claim 3 wherein said carrier is in a form of gel or particles. 

8. A method as set forth in Claim 3 wherein said carrier is in a form of thin film. 

9. A method as set forth in Claim 3 wherein said carrier is in a form of hollow fiber. 

1 0. A purified virus which is obtained by the method as set forth in Claim 1 . 

1 1 . A product therefrom virus is removed which is obtained by the method as set forth in Claim 2. 

12. A carrier for adsorption of virus which contains sulfated-fucose-corrtaining polysaccharide(s) and/or degradation 
product(s) thereof. 

13. A carrier for adsorption of virus wherein said surfated fucose-corrtaining polysaccharide(s) and/or degradation 
product(s) thereof are/is immobilized on said carrier 

14. A carrier for adsorption of virus as set forth in Claim 12 or 13 wherein said surfated-fucose-containing polysaccha- 
ride(s) and/or degradation product(s) thereof are/is one(s) having the following physicochemical properties: 

(1) constituting saccharide: substantially being free from uronic acid; and 

(2) substantially incapable of being degraded by a fucoidanase produced by Flavobacteuum sp. SA-0082 
(FFRM BP-540?) 
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15. A carrier for adsorption of virus as set forth in Claim 13 wherein said carrier is in a form of gel or parbdes. 

16. A earner tor adsorption of virus as set forth in Claim 13 wherein sakJ carrier is in a form of thin film. 

5 17. A earner for adsorption of virus as set forth in Claim 13 wherein said carrier is in a form of hollow fber. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
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Fig. 
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Fig, 2 
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Fig. 5 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 13 
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Fig. 15 
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Fig. 16 
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Fig. 18 
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Fig. 24 
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